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ABSTRACT 


This final report of the results of research conducted with various 
halocarbon compounds by the Institute of Human and Comparative Toxicology 
(previously, the Institute of Experimental Pathology and Toxicology) of 
Albany Medical College is in compliance with the requirements set forth in 
the contract, NAS 9-9964, and/or agreed upon between the contractor and the 
contract monitor. 

The research reported herein constitutes primarily the conclusions 
reached by the contractor during this 4-year project. Detailed reports of 
various aspects of the work are on file v/ith the contracting agency. 


A. INTRODUCTION 


Halogenated hydrocarbons are widely used in indus.try with the fluorinated 
methanes and ethanes having found important use as dielectrics, refrigerants, 
propellants, organic solvents, and fire extinguishers and suppressants. The 
compounds (termed fluorocarbons since the properties are largely governed by 
the fluorine moiety) are commanding an increasing market in consumer products 
such as food toppings, hair sprays, deodorants, etc., from their use as 
propellants. Although our interest in fluorocarbons was broadbased, attention 
was largely addressed to determining the most feasible candidate fire extinguisher 
and/or suppressant. When used as fire suppressants in a confined space, such 
as a spacecraft, aircraft, submarine, warehouse, etc., these compounds would 
be inhaled by man on an almost continuous basis. 

In order to evaluate the safety of the candidate fluorocarbons in relation 
to man, we devised experiments, short-term exposures, in various animal species, 
to look at specific parameters in order to determine which of the candidate 
compounds (Table A-I) were sufficiently non-toxic to warrant further investigation, 
i.e., long-term exposures. 

To provide the most comprehensive evaluation of the toxic-potential of each 
compound numerous physiologic criteria were examined: tissue distribution, 

fluoride ion concentration, effect on mitochondria, microsomes, liposomes and 
liver cell nuclei, erythrocyte fragility, clinical chemistry values, hematology, 
pathology, cardiac sensitization, behavioral effects, etc. It must be understood, 
that data for all these parameters were not evaluated for all compounds since, 
if a specific compound was determined to be overtly toxic, thus elminating its 
potential application for continuous exposure to man, further investigations 
generally were not conducted. 
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For these experiments, we used primarily rodent species for initial 
investigations, with non-human primate exposure for Freon 116 which was 
warranted by the negative results in rodents. 

Species used included; rats (Sprague-Dawley) , mice (Swiss albino), 
rabbits (Dutch Belted and New Zealand), guinea pigs, dogs, cats, and monkeys 
(Macaca mulatta) . The choice of species was suggested by both the nature of 
the compound and the parameter under investigation. 

Animal exposures took place in various types of chambers. The chamber 
selected for a particular experiment was dependent on three factors: length 

of exposure, species used, and compound used. 

Long-term exposures were conducted in the "closed dynamic" chambers which 
allowed for a recirculating atmosphere and monitoring of CO^ and 0 ^ levels as 
well as the particular halocarbon. Details of the operation are described in 
the Appendix (Studies in Rats Exposed Continuously to Hexachlo roe thane) . 

For short-term exposures of rodents, we used either a 100 liter metabolic 
exposure chamber, a 65 liter plexiglass inhalation chamber or, as in the case 
of the LORRT experiments, a glove-bag chamber.' (68 cm x 68 cm). These static 
chambers were sufficient for exposures which were of 30 min duration or less. 

For the monkey studies, either the long-term exposure chamber or a 
especially-designed behavioral chamber was used. This recirculating chamber 
(50 cu. ft.) was designed with a behavioral-task panel and monitored by 
television to enable the investigator to observe the animal. The animal was 
unable to see out of the chamber, thus eliminating outside disturbances from 
effecting performance. 
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Table A. I. COMPOUNDS OF INTEREST 


A, 

Substituted methanes 




Halon 1301 

Bromotrif luoromethane 

CBrF.^ 


Halon 1202 

Dibromod if luoromethan ^ 

CHr^ F^ 


Freon 11 

Trichlorof luoromethane 

CCI3 F 


Freon 12 

Dichlor od if luoromethane 

CCl, F^ 

B, 

Substituted ethanes 




Freon 116 

Hexafluoroethane 

CF3-CF3 


Freon 115 

Chloropentafluoroethane 

^ CClFj-CF. 


Freon 114 i, 2-Dichlorotetrafluoroethane CClFj-CClF 

Halon 2402 1, 2-Dibromotetrafluoroethane CBrE^-CErF 

Freon 113 1, 1, 2-Trichloro-l, 2, - 

2-trifluoroethane CCI^F-CCIF 

Halothane Browochlorotrif luoroethane CKErCl-Cf^ 

C . Other 

Freon C-31S Octafluorocyclobutane ^4^3 


2 

2 

2 
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B. metabolism 


Tissue distribution and/or blood levels of the fluorocarbon were deter- 
mined following exposures of varying lengths of primarily rats and rabbits. 
Five fluorocarbons were used in these exposures; Halons 2402, 1201 and 1301 
and Freons 113, 116 and 12. Tissues, sampled included; liver, lung, heart, 
brain, kidney, muscle and fat. Techniques developed for analyzing the content 
of these fluorocarbons in the blood were developed in house. This and 
other analytical procedures were described herein. Results of the exposures 
and data accumulated are discussed by compound. 

In order to determine the possibility of accumulations of F in bone, 
data was obtained from some exposures. Urine F concentration data are also 
included . 

Analytical Procedures 

Tissue Analysis 

Due to the high volatility of the halocarbons under investigation, 
preliminary data of tissue concentrations revealed that recovery was only 
about 50%; therefore, methodologies were examined in order to determine which 
procedure would provide the best recovery of these compounds from organic 
material. Tlie procedure outlined below was. selected. 

Tissue samples (1-5 g) were weighed and placed in a horaogenizer. 

One (1) ml of 1-butanol containing 0.216 yg of Halon 2402 was added. An 
additional 5 ml of 1-butanol was also added and the tissues homogenized. 

The homogenate was washed into a 50?-ml centrifuge tube using 10 ml of 
isooctane, and the homogenizer rinsed with. 10 ml of isooctane. 
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The centrifuge tube was stoppered, placed on a shaker for 3Q min, and 
then centrifuged. A 0,5 ml sample of supernatant was removed and diluted to 
j 50 ml using isooctane. This final solution was injected into the gas 

chromatograph. 

A Hewlett /Packard 402 with electron capture detector was used. The 
6’ X 1/8’ U-shaped glass column was packed with Porasil "B”. The carrier 
gas was 95% Argon and 5% Methane. Injector port, column and detector Vere 
iiaintained at 260“C, 150“C and 280"C, respectively. The detector was linear 
between 10 and 10 ^^g, and all readings were made in this range. 

Blood Analysis 

Standards . Calibration curves were prepared using static methods for 
making appropriate dilutions of Halon 1301 in air. Gas-tight equipment 
(syringes, volumetric glassware, etc.) was used throughout. The gas samples 
were injected into the gas chromatography with syringes. Chromatographic 
conditions were as follow: 

Column: 6" X 3.5 mm glass, packed with 80/100 mesh Porapak Q. The 

carrier gas was nitrogen flowing at 100 ml/min, and temperature was at 
^ „ 115“C. The injector and detector were maintained at 170“C and 25Q®C, 

I. j. 

respectively. 

I ^ 

I Recovery s tudies . Since gaseous halocarhons are insoluble in aqueous 

solutions, preparation of suitable "spiked" samples for recoveries was 
rendered practically impossible. To obtain some information on recoveries, 
experiments were carried out on samples to which known quantities of Halon 
1301 were added to closed containers of blood and time allowed for diffusion 
of the gas into the blood. Concentration of Halon 1301 in the air above the 
blood was determined. The air above the blood was removed by flushing with 
dry nitrogen; the containers were allowed to stand for a suitable period of time, 

€I 

€ 
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and the concentration of Halon 1301 again determined. Using this procedure, 
the recovery was between 87 and 11Q% which we felt acceptable considering 
the amounts being detected and the small volumes being handled. 

In all experiments using these techniques , the following precautions 
were taken. Vials, with, rubber stopper, were weighed empty and again 
completely filled with water to accurately determine their volume. Actual 
blood volumes were computed from the weight of the sample and vial, and the 
density of blood. 

Blood and Tissue Analyses 

Halon 2402 

A SO-min exposure of female albino rats (130 - 140 g) to 3.7% Halon 2402 
in the metabolism chamber was followed by sacrifices of two animals at each 
of the indicated times. Sacrifices were at 0, 1.5, 3 and 24~hr post-exposure 
Halocarbon levels in tissues were determined as previously outlined. Except 
for liver and blood samples taken immediately post- exposure, all samples 
were pooled prior to the determination. Replicate results of the liver and 
blood samples at 0-hour period were: 

Liver: 266 and 250 pg/g 

Blood: 91 and 83 pg/g 

The remaining values are shown in Table B-I. In all cases except brain and 
fat the highest levels of the Halon 2402 were noted just after exposure, 
at 0 hour. In the case of the brain and fat tissue, higher levels of the 
agent were observed in the 1.5 hr samples indicating a shift to the lipid 
containing tissues. With, the exception of fat, the tissue containing the 
highest concentration at the end of 1.5 and 3 hours is kidney which may 
implicate this organ in the removal of the compound from he body. 
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An additional 30-rainute exposure with Ilalon 2402 (4%) was conducted 
using New Zealand rabbits C2 3 leg) . The animals were sacrificed immediately 
following the exposure. Data from the tissues are shown in Table B-II. 

Highest levels of the fluorocarbon were found in the fat, which was also 
true in the rat experiment. Brain levels between the two species were 
significantly different. 

Halon 1301 

Four separate experiments were conducted using Halon 1301 in order to 
determine tissue and/or blood levels reached during the exposures. The 
type and length Of exposure and the animal species are disccused in this 
section. 

A 30-min exposure of two rabbits to a 5% v/v of Halon 1301 culminated 
in immediate sacrifice. Tissue levels for these animals are shown in 
Table B-III. 

The remaining three studies were used to determine the blood levels 
of Halon 1301 after exposure. In the first, female rats Capproximately 
200 g) were lightly anesthetized with sodium pentobarbital and exposed to 
5% v/v of Halon 1301 for 30 min. Animals were removed from the chamber and 
blood samples obtained by heart puncture at 0, 0.25, 0.5, 1, 2 and 4 hrs 
post-exposure. Blood samples were immediately transferred to closed vials 
and allowed to stand for 1 hour prior to analysis. Results showed a rapid 
decline of the fluorocarbon level in the blood. A single 50-min exposure 
of a rat at 5% v/v CT^ble B-IV) shows the decline. 

The second such experiment was designed to determine Blood levels of 
Halon 1301 following continuous exposure of 2 or 4 weeks. Female and male 
rats were exposed for 23 hour/day with an intermine sacrifice at 2 weeks and 
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final sacrifice at 4 weeks. Blood levels of the fluorocarbon, were measured 
immediately following sacrifice. Tlie results (Table B-IV) are consistent 
with the other blood-levels studies, i.e,, there was nO accumulation of the 
compound, to any significant degree, and rapid elimination of the compound 
resulted upon tbe termination of the exposure. 

Therefore, in order to determine actual blood levels reached in an 
exposed animal, it was decided to conduct a third experiment in order to 
determine blood levels during actual exposure. Dutch-belted rabbits were 
anesthetized by intravenous administration of 40 mg/kg of nembutal and the 
carotid artery cannula ted with, polyethylene tubing. A tracheotomy was 
performed to prevent obstruction of the airway. The animal x^as placed in 
the 65-1 bubble-shaped static exposure chamber, and the chamber sealed with 
the cannual leading to the outside. A baseline blood sample was 
drawn prior to the introduction of the Halon into the chamber. A 5% v/v 
of Halon 1301 was established in the chamber and fifteen samples drawn for 
analysis during exposure (see Table B-VI) as well as five post-exposure 
samples. 

Halon 1202 

A 30-min exposure of 4% by volume Halon 1202 was followed by immediate 
sacrifice of the rabbit, and tissues analyzed for the concentration of the 
fluorocarbon (Table B-VI I) . 

Freon 113 

A similar exposure using 4% v/v Freon 113 was conducted. Distribution 
of the compound in rabbit tissues is shown in Table B-VITI. 
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Freon 12 

A single exposure of rafebit to 5% v/v Freon 12 resulted in maximum 
blood levels of approximately 15 yg/g. Data from this experiment are included 
in the Appendix (Toxicological Responses to Halogenated Hydrocarbons) . 

Freon 116 

A single exposure during which blood levels of Freon 116 were measured 
is also presented in the Appendix (Toxicological Responses to Halogenated 
Hydrocarbons). Compared to levels, seen for Freon 12 and Halon 1301 the blood 
levels of Freon 116 were negligible. 

Fluoride Ion Concentrations 

In order to evaluate the metabolic liability of fluoride in selected 
halocarbons, experiments were conducted to' determine the F content of 
urine collected from exposed and control rats. We modified the Rowley and 
Farrah method (Am. Indust. Hyg. Assc. J. 23: 31A, 1962) to obtain greater 
accuracy and were still unable to obtain the precision desired; therefore, 
additional experiments were conducted using the Singer, Armstrong and Vogel 
method (J. Lab.. Clin. Med. 2^:354, 1969). This electrode potential measurement 
method with EDTA added to the diluent provided the best accuracy we were 
able to obtain and was subsequently used to measure the F concentration in 
urine of rats exposed to Freon 116, Freon C-318, and Halon 1301. 

Regardless to whether the animals, were control or exposed, the F content 
of all urine samples was very low. Examples of data obtained are shown in 
Tables B-IX AND B-X. 

The method used for the determinations, is described Below. 

Solutions 

Standard F ; Dissolve 2,21 g of NaF in distilled water and dilute to 
1 liter. Concentration of F * IQOO ppm. 
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Working standard ; Dilute 1 ml of the above standard to 1000 ml with 
the diluent.' Concentration of F « 1 ppm. 

Diluent ; Weigh out 8.5 g NaCl and 5 g of disodium EDTA, add about 
500 ml of distilled water, adjust the pH electrometrically to 6.5 with 
dilute KOH, and dilute to 1 liter. 

Calibration of Electrometer 

Tl:i,e electrodes used were a Coleman 3^803 (F ) and ati Orion (reference) 
no. 90-02-00. (The electrometer was. a Sargent-Welch model NX.) The working 
standard (1 ppm F ) was arhitrar7;.ly set to give a reading of -0.133 mv; 
when diluted 1:10 with, the diluent the mv reading V7as -0.077. Also, when 
the diluent was diluted with. 1/4 volume of water the mv reading was -0.025, 
which was equivalent to 0.C08 ppm of F and was, therefore, negligible. The 
mv readings for various F cones, between 1 and 0.1 ppm, when plotted on 
semilog paper, gave a straight line. The unknowns were evaluated from this 
graph . 

Procedure 

To 1 volume of the urine sample added 4 volumes of the diluent and 
determined the mv reading. The routine operations were as follows; 

Between samples the electrodes were washed with a stream of distilled 
water and dried with a sheet of tissue paper (Kimwipes). After the electrodes 
were immersed in the sample, an interval of 15 min (with frequent stirring) 
was allowed for the attainment of equilibrium. The mv reading, obtained in 
this way, was then converted to ppm by reference to the calibration curve, 
and the value so found was multiplied by 5 to give the urinary concentration 
(preliminary value) . 
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Table B. I 


LzvzZit oi Halon 2402 in Rat Tii^ua fottoiaing Expo6uAZ by tnhaicuUon 




Post - Inhalation 

Interval 

(hr.) 

0 

1.5 

3 

24 

Liver 

258* 

5„ 

2 

0.28 

Lung 

44 

18 

2 

0.18 

Brain 

0.70 

2.1 

0.78 

0.36 

Kidney 

82.. 

27 

23 

0.33 

Heart 

24 . 

2.1 

2 

1.1 

Muscle 

73 

19 

2.8 

1.0 

Fat 

365 

469. 

410 

11. 

Blood 

87 

7. 

0.23 

0.22 


* All values shown are in Jig. Halon 2402 /gm tissue 


Table B. II 


V-CitfUbution oi HaZon 1301* in RabbiX TZiia&i 


Tissue 

Tissue concentration (Wg Halon 1301/g) 


Animal 111 

Animal //2 

Mean 

Liver 

37 

25 

31 

Lung 

89 

102 

96 

Brain 

19 

70 

44 

Kidney 

21 

5 

13 

Heart 

6 

21 

13 

Muscle 

51 

31 

41 

Fat 

183 

118 

150 


* Animals wera 

exposed to a vapor 

concentration of 

5% by volume for 


30 minutes 
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Table B, III 


Vl&t/uJbiJUtUjn 0 ^ HaZon Z40Z* -in RabbZt TZ64>uu 


Tissue 

Tissue concentration (Pr Halon 2402 /r) 

• 

Animal //I 

Animal it2 

Mean 

Liver 

323 

128 

226 

Lung 

312 

133 

223 

Brain 

313 

222 

268 

Kidney 

101 

59 

80 

Heart 

161 

121 

141 

Muscle 

126 

69 

97 

Fat 

1048 

667 

858 


* Animals were exposed to a vapor concentration of 4% by volume 



for 30 minutes 
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iJcUon 1301 ^ Rat Blood 


v/v ConczntAotion, 



0 

0,25 

1,00 

2.00 

4.00 
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Table B. V 



Concmt^ation ofi HaZon 1301 

Zn nut bZood ioiZoiaZnoi Cjontinaoai 

e.xpo6u/i& 



2-weeIc 

exposure 

• 



Females 


• 

Males 


Animal 

Tl^f 

Conc.^ 

Animal 

Time, 

Cone. , 

// 

t mlnv^ 

lyg/g) 

» 

fmlh.^ 

ruR/A 

19E 

2.,0 

0.37 

46E 

4.5 ■. 

0.04 

25E 

4,7 

0.21 

44E 

24.0 

0.01 

22E 

17.0 

0.08 

48E 

31.0 

0.01 

23E 

21.0 

0.06 

■ 



control 

— 

0.09 

control 



0 

control 

« 

0.07 

control 

.. 

0 



' 4-weelc 

exposure 

• 


lAE 

1.5 

0.12 

47E 

3.0 

0.06 

HE 

3.5 

0.12 

50E 

5.0 ' 

0.13 




34E 

10.0 

0.12 



• 

41E 

17.0 

0.08 

control 

- — 

0.00 

control 

— — 

0.04 


elapsed time from removal of animal from exposure chamber until draining 
of blood sample. 

^ expressed as yg Halon 1301/g whole blood. 


Table li, VI 


Blood IzodU ol Halon 1301 In a Aabblt expoizd 
to an axmo.&pkejUc concentration o^ 5%, 'v/v, 


Start exposure 


Stop exposure 


. .Time, .inln. .Cone. In blood, yg/g 


0 

0.8 

1.00 

7.5 

2.17 

4.6 

3.75 

2.8 

5.00 

9.7 

6.05 

8.3 

7.17 

7.3 

8.50 

13.8 

10.33 

13.1 

11.67 

14.4 

13.28 

15.7 

15.17 

14.9 

18.00 

13.9 

21.00 

13.1 

25.75 

9.0 

27. A2 

• 12.3 

29.67 

15.3 

0.50 

1.1 

1.50 

0.5 

2.50 

0.9 

3.83 

0.7 


5,58 


1.4 


Table B. VII 


ViAt/Ubution ojj HaZon 1202* Zn Rabbit Tiiiu&i 


Tissue Tissue concentration (yig Halon 1102 fz) 



Animal ill 

Animal 

Mean 

Liver 

69 

66 

67 

Lung 

107 

83 

95 

Brain 

111 

• 114 

112 

Kidney 

70 

59 

64 

Heart 

65 

63 

64 

Muscle 

147 

112 

130 

Fat 

298 

380 

339 


^Animals were exposed to a vapor concentration of 4% by volume for 


30 minutes 


Table B. VIII 


Vl&tnAJbLution oi F/czon US* In. Rabbit Tt66uzs 


Tissue 

Tissue concentratioii (Ug Freon 113/g 

t 

Animal //I 

Animal //2 

Mean 

Liver 

27.6 

27.2 

27.4 

Lung 

21.0 

r 

10.7 

15.9 

Brain 

26.6 

20.6 

23.6 

Kidney 

7.4 

2.8 

5.1 

Heart 

14.9 

5.4 

10.1 

Muscle 

12.3 

9.8 

11.0 

Fat 

21.0 

27.2 

24.1 

* Animals 

were exposed to a vapor 

concentration of 

4% by volume for 


30 minutes 
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Table B. 


£xcA.iition 0 (J llikohldt A.n u/ukz'an^ conc&rvOiation {^laofujdt 
ju\ bonz 0 ^ AAts exposed to fAzon U6 ^oa 37 mcki 


Urine 



Water 


f" 

F" 

F“ 

F" 

Rat no. 

Intake 

vol. 



(Pg/ral 
, .creatinine) 



^ml) 

. (ml) 

(Mg/rol) 

(yg/24 hr) 

( Z bone ash 

Controls 





» 


1 

24.5 

8.7 

6.75 

58, 7 

3.37 

0.083 

2 

16.0 

16.0 

3.15 

• 50^4 

2.63 

0,065 

A* 

18.0 

14.4 

3.45 

49.7 . 

2.65 

0.076 

8 

25.0 

17.5 

3.70 

64.7 

3.36 

0.076 

9 

8.0 

6.5 

3.45 

22.4 

1.57 

0.060 

12 

21.0. 

9.3 

4.25 

39.5 

2.34 

0.063 

Mean 

18.7 

12.1 

4.12 

47.6 

2.65 

0.071 

± S.D. 

6.3 

4.5 

1.34 

15.1 

0.67 

0.008 

Exposed 



• 

■ ■ 

2.78 ^ 


* 13 

26.5 

11.2 

3.90 

43.7 

0.073 

14 

28.0 

9.9 

3.30 

32.7 

2,54' 

' 0.070 

16 

11.0 

14.6 

3.23 

47.2 

1.86 

0.073 

17 

17.0 

17.4 

2.20 

38.7 

1.83 

0.083 

18 

10.0 

11.0 

2.71 

29.8 

' . 1.93 

0,050 

19 

12.0 

13.2 

2.20 

29.0 

2.44 

0.063 

20 

13.0 

10,8 . 

2.71 

, 29.3 

1.43 

0.073 

21 

26.5 

18.0 

2.36 

42,5 

2.62 

0.076 

Mean 

18.0 

13.3 . 

2.83 

36.6 

2.19 

0.070 
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Table B. X 


Conccni^iatlon pL&z F ^ u/Une. /ioXa contlnuoti&ty txpo6ed to 


Union 130 U \faZm 


1 week exposure 


. 3 weeks exposure 


exposed 


control 


exposed 


control 


1.3 ± 0.5 


1.8 ± 0.7 


0.8 ± 0.1 


1.3 ± 0.6 




C. CLINICAL CHEMISTRY AND HEMATOLOGY 


Halon 1301 

Forty rats (20 each male and female) were exposed in a recirculating 
chamber containing approximately 5% of Halon 1301 for up to 30 days (23 hr/ 
day). Equal numbers by sex of control rats were housed outside of the chamber. 
Control and exposed animals received water and a commercial laboratory diet 
ad libitum . The Halon 1301, oxygen and CO^ concentrations in the chamber were 
monitored. The average Halon 1301 concentration was 5.3%. 

To determine the validity of some effects noted at the end of the 30-day 
exposure between control and exposed animals, a second ,30-day control experiment 
was run. Equal numbers of controls (20 each niale and female) were housed in 
the chamber and outside the chamber under identical circumstances except for 
the composition of the chamber environment. No halocarbon was used. Data 
from this experiment indicated that the chamber environment did, in itself, 
have an effect on the animals. 

Comparative data was obtained from blood samples analyzed for Na^ and 
content as an indicator of cell integrity and lactic dehydrogenase (LDH) 
(Tables C-I to C-VIII) , and hemoglobin concentration, red and white cell counts, 
and measurement of hematocrit (Tables C-IX to C-XVI) at 1 wk, 3 wk and 4 wk. 

In addition, the osmotic fragility of erythrocytes was measured at 1 wk and 
4 wks (Tables C-XVII to CXIX) . 

No effects were noted between the chamber-exposed and the chamber-control 
animals; although there were minor differences noted initially between the 
chamber-exposed and outside-control animals. Primarily, LDH values were slightly 
elevated in chamber-exposed animals (noted also for chamber-control animals). 
Secondly, mild hemoconcentration evidenced in the exposed animals was also 
noted in the chamber controls, but not in the outside controls. No specific 
sex differences were noted. 


Freon 116 (Rodents) 

Following preliminary exposures of rats and rabbits to Freon 116 In 
concentrations of up to 20% (v/v), which revealed no effect of exposure to 
the test species, a long-term (37 week) exposure to a 20% v/v concentration 
of Freon 116 was conducted in a closed dynamic chamber. Freon, oxygen and 
CO 2 concentrations were monitored throughout the exposure (Table C-XX) . The 
23-hr/day exposure allowed for cleaning and animal care. 

Twelve male Sprague— I) awley rats were housed in the chamber for the exposure 
and an identical nuunber housed outside the chamber as controls. The animals 
were weighed weekly (Table C-XX). The number of animals was reduced from the 
number used in the Halon 1301 exposure because of effects seen in the chamber 
controls which were probably due to overcrowding in the chamber. Hematology 
data was recorded at 18, 34 and 37 weeks of the exposure period and revealed 
no significant differences (Tables C-XXI to C-XXIII). Likewise, clinical 
chemistry data obtained at 37 weeks (which Included; alkaline phosphatase, 
acid phosphatase, serum glutamic oxaloacetic transaminase, serum glutamic 
pyruvic transaminase, sodium and potassium ion concentration, glucose, blood 
urea nitrogen and creatinine phosphokinase) are presented in Table C-XXIV and 
show no effect of the exposure to Freon 116, 

Freon 116 (Rhesus Monkey) 

Following the negative results of the 37-wk exposure in rats, a rhesus 
monkey was exposed to Freon 116 (20%) for 19 weeks. Chamber conditions during 
the exposure period are shown in Table C-XXV. Routine hematology data (Table 
C-XXVI) including hematocrit, Hemoglobin, RBC and WBC showed no signs of change 
due to the exposure to the fluorocarbon. Likewise, clinical chemistry values 
presented in Table C-XXVII indicate no effect from the exposure. 


TABLE C I 


! - 


SeAum b^oche.ml&tAij jmaZz Ajouti exposed to HaZon J3Q1 f^oK 1 weefe. 


» 

Rat 

No. 

Na+ 

{rr\otj/ \ V 

K+ 

LDP 

. f Units 

* Outside 

Controls 

IE 

157 

5.9 

2000 


2E 

153 

6.9 

2000 


3E 

150 

5.9 

1880 

• 

4E 

147 

5.4 

1380 

• 

5E 

148 

6.4 

1930 


Mean 

151 

6.1 

1840 

1 j • 

S.D? 

± 4 

±0.6 

±260 

Exposed 

16E 

147 

6.3 

131Q 

- 

17E 

149 

5.8 

1420 


18E 

147 

6.3 

1410 


19E i 

152 

6.5 

2000 

“ 

20E 

150 

5.8 

2000 


21E 

153 

6.0 

2000 


22E 

146 

5.9 . 

1910 

r 

23E 

146 

5.4 

2000 

• 

24E 

150 

• 5.8 

1410 


25E 

150 

6.6 

1930 

« 

Mean 

149 

6.0 

1740 


S.D. 

±2 

±0.4 

±300 


^ Berger-Bolda units 
^ Standard deviation 
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TABLE C II 



SsAom bZockmlitmf oK mate naX& 

exposed to Haton 1301 Xo/l 1 iveeJz. 

• 

Rat 

No. 

Na+ 

(tneq/l) 

/ K+ 
(meq/l) 

LDH 

('Units 1 )_ 

Outside 





Controls 

26E 

150 

4.3 

2000 


27E 

149 

6.0 

1760 

, 

28E 

151 

6.7 

1490 


29E 

149 

6.2 

1880 


30E 

150 

6.5 

1860 


Mean 

150 

5.9 

1800 

- 

' S.D? 

±1 

±0.4 

±190 

Exposed 

31E 

147 

** 

4.5 

1270 


32E 

151 

5.9 

2000 


33E 

146 

5.8 

1970 

- 

34E 

147 

5.8 

1220 


35E 

151 

5.6 

1450 

• - 

36E 

148 

5.1 

1920 


37E 

155 

5.8 

1880 

j: 

38E 

146 

5.9 

1420 


39E 

147 

5.5 

1420 

• 

AOE 

147 

5.8 

2000 


Mean 

149 

5.6 

. 1655 


S.D. 

±3 

±0.4 

±320 



^ Berger-Bolda units 
^ Standard deviation 


m 
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TABLE C III 


Se^ blochm.UtAJtj oi imalz koJU 
[no kalocaAbon) 1 toeefe. 

con^Zmd to 

expo4uA.e chambeJL 



Rat 

No. 

Na+ 

» (meq/1) 

K+ 

(meq/l) • 

LDH 

''(f Units l) 

LDHs/LDH 

Outside 

Controls 

■ 1C 

156 

■ 7.5 

1880 

2.0 


2C 

155 

7.1 

1100 

1.2 


3C 

144 

6.8 

2820 

1.6 


4C 

. 

— 

1940 

1.9 

• 

5C 

M mm 


1620 

1.2 


Mean 

152 

7.1 

1870 

1.6 

• 

S.D? 

±7 

±0.3 

±620 

±0.4 

Chamber 

. 



, 


Confined ^ 

31C 


- - 

3400 

2.0 

Controls 

32C 

- - 


2880 

1.4 

• 

33C 

155 

7.4 

2900 

1.5 


34C 

160 

7.4 

2380 

1.8 


35C 

159 

7.4 

3180 

1.5 


36C 

— 

- - 

1380 

1.4 


37C 

158 

7.5 

2960 

1.6 


38C . 

— 

— 

2480 

1.0 


39C 

146 

7.1 

1580 

1.4 

• 

40C 

157 

7.4 

^ 1580 

1.7 


Mean 

156 

7.4 

2470 

1.5 


S.D. 

±5 

±0.1 

±720. . 

±0.3 


Berger-Boida units 
Standard deviation 
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Table C IV 


SeMun 

bbodizmlitny 0 ^ maZe. H£LtA 

con^nzd to e.xpoiuA.& chambVL 


(no hatocoAbon) 

1 weefe. 



• 



Rat 

Na+ 

K+ 

LDH 

LDHs/LDH 


No. 

(meq/1) 

(meq/l) 

( Units*’) 

Outside 

Controls 

41c 

151 

6.5 

1380 

1.1 


42C 

154 

7.3 

1340 

1.4 


43C 

— 


*520 

1.0 


44C 

155 

8.0 

1400 

1.3 


45C 



1280 

1.1 


Mean 

153 

7.3 

1180 

1.2 


S.D? 

±2 

+0.8 

±370 

±0,2 

Chamber 

Confined 

61C 



3300 

1.3 

Controls 



. 




62C 

157 

• 7.8 

2040 

1.7 


63C 

157 

7.3 

2720 

1.3 


64C 

153 • 

6.8 

2200 

1.3 


65C 

151 

6*7 

2200 

1.4 


66C 

160 

7.4 

3480 

1.4 


67C 

- - 

— 

3160 

1.7 

— 

68C 

158 

6.9 

, 3400 

1.4 


69C 

— 


3660 

1.6 


70C 

160 

6.7 

3680 

1.3 

- 

Means 

157 

7.1 

2980 

1.4 

. » •. 

S.D. 

±3 

±0.4 

±640 

±0.2 


I Berger-Boida units 
^ Standard deviation 
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TABLE C V 

SeJLLun biochzmlitJuj jmale. /lati zxpoie.d to HaZon f^oA 3 we.du. 



Rat 

No. 

Na+ 

•(meq/1) 

K+ 

(ineq/1) 

LDH 

^rim- f-K 1 ^ 

LDHg/LDH 

Outside 

Controls 

IE 

148 

6.8 

1340 

1.8 

• 

2E 

146 

6.7 

1920 

1.7 


3E 

147 

6.6 

1140 

2.0 


4E 

146 

5.6 

660 

2.3 


5E 

147. 

6.2 

1680 

1.9 

• ■ 

M^an 

147 

6.4 

1350 

1.9 


S.D? 

» 

±1 

±0.5 

±450 

±0.2 

Exposed 

9E 

147 

. 5.4 

1960 

2.0 


lOE 

148 

5.7 

2940 

1.4 


HE 

148 

5.^ 

2640 

1.5 


12E 

150 

5.7 

2440 

1.6 


.. 13E 

147 

5.6 

3540 

2.0 


14E 

152 

5.8 

1580 

1.9 


15E 

146 

6.2 

3200 

1.7 


16E 

148 

5.6 

2440 

1.7 

— 

21E 

148 

6.0 

2940 

1.2 


24E 

148 

5.9 

1280 

1.9 

• 

Mean 

148 

5.8 

2500 

1.7 


S.D. 

±2 

±0.2 

±720 

±0.3 



^ Berger-Bolda units 
^ Standard deviation 



li 


m 

m 
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TABLE C VI 



ScAum blockzmUtHui 

of, mate. aat6 

zxp 06 &d to HaZon 

ISO! fo/i 3 <oeefe4 

• 


Rat 

No. 

Na+ 

) 

K+ 

LDH 

(Units^ ) 

LDH 5 /LDH j 

Bonll^ols 

26E 

143 

5.9 

2640 

1.4 

( 

27E 

i’46 

5.9 

1800 

1.7 

, • 

28E 

145 

6.2 

1500 

1.5 

• 

29E 

145 

6.0 

2580 

1,5 


30E 

145 • 

5.9 . 

is40 

1.6 


• Mean 

145 

6.0 

2070 

1.5 


S.D? . 

.+1 

±0.1 

±510 • 

±0.1 

Exposed 

31E 

149 

4.9 

2080 

2.0 

• ■ 

32E 

152 

6.5 

• 3260 

1.9 

• 

33E 

153 

6.2 

2440 

1.6 

• 

34E 

148 

5.7 

3080 

1.5 


35E 

151 

5.8 

2880 

1.6 


36E 

150 

5.1 

3540 

0.8 

/ 

37E 

147 

5.9 

.3080 

2.0 


38E 

150 

5.1 

3460 

1.4 

• 

39E 

149 

5.3 

3680 

1.8 

• 

40E 

147 

5.7 

3580 

3.3 


Mean 

150 

5.6 

3110 

1.8 


, S.D. 

+2 

+0.5 

±520 

±0.6 


Berger**Bolda units 
^ Standard deviation 
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TABLE C VII 


Sejum biochtnU^tfiy OjJ ^matz Kcut& con^inzd to zxpoiiviz chambzn. 
[no katocoAbon) i(o/i 7 month. 



Rat 

No. 

Na+ 

(mea/1) 

K+ 

(mea/1) 

LDH 

( Unlts^l 

LDHs/LDH; 


Outside 







Controls 

lie 

160 

5.3 

600 

2.0 



12C 

157 

6.8 

600 

1.8 



14C 

142 

6.4 

1100 

0.5 



15C 

mm mm 


860 

3.2 



- Mean 

153 

6.2 

790 

1.9 



S.D? 

±10 

±0.8 ■ 

±240 

±1.1 


Chamber , 

Conzxned 

• 

31C 

154 

6.2 

2740 

1.3 


Controls 

34C 

157 

6.2 

• 1920 

3.3 



35C 

160 

6.9 

2040 

2.7 



36C 

— 

- - 

2640 

4.4 



37C 

160 

6.7 

• 2580 

2.2 



38C 

152 

6.0 

2520 

2.0 


- 

39C 

160 

6.6 

2000 

3.8 



40C 

150 

5.8 

2580 

2.1 



Mean 

156 

6.3 

2380 

2.7 



S.D. 

±4 

±0.4 

±330 

±1.0 



' Berger-Boida units 
^ Standard deviation 
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TABLE C VIII 

SeAom biockmUtHy oi male JuUi con^Znzd to e.Kpo6uAz chambeji 
{no katogoAbon) f^oK 1 month. 



Rat 

No. 

Nadh 

•(meq/1) 

K+ 

(meq/l) 

LDH , 
(Units ) 

LDH 5 /LDH 1 

Outside. 

Controls 

46C 

- - 

— 

940 

2.7 


47C 

153 

7.1 

940 

1.9 


48C 

. - - 

— 

1000 

2.5 


. 49C 

— 

- - 

810 

2.8 

... 

50C 

156 

7.4 

380 

2.2 

• 

Mean 

155 

7.3 

810 

2.4 


S.D. 

±2 

±0.2 

±250 

±0.4 

Chamber - 

Confined 

71C 



. 1840 

2.0 

Controls 

72C 

158 

6.4 

1880 

4.0 

- 

73C 

154 

7.9 

. 760 

1,8 

- 

, - “ 74C 

154 

8.0 

2040 

5.0 


75C 

152 

6.7 

2100 

1.7 


76C 

— 


1700 

3.4 


77C_ 

157 

5.8 

1760 

2.1 


78C 

158 

5.9 

. 2100 

1.8 


79C 

158 

6.9 

2260 

1.7 


80C 

155 

6.9 

2840 

1.7 

• 

Mean 

156 

6.8 

1920 

2.5 


S.P. 

±2 

±0.8 

±520 

-1.9 


^ Berger-Bolda units 
^ Standard deviation 


I 
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Hmatology oX imaZz HauW zxY>oi>zd to Haton 1301 ioK 1 weefe. 



Controls 

, IE 

6.69 

17.6 

46.5 

5.9 


2E 

5.99 

15.8 

43.0 

8.2 


' 3E 

5.66 

15.2 

'•43.0 

11.8 


4E’ 

5.65 

15.2 

42.5 

9.7 

\ 

5E 

5.07 

14.9 

42.0 

8.5 

, . 

Mean 

5.81 

15.7. 

43.4 

8.9 

1 

S.D. 

±0.59 

±1.1 

±1.8 

±2.2 

Exposed 

16E 

5.88 

16.0 

42.5 

15.1 

* 

. 17E 

4.96 

14.7 

35.0 

4.5 

o 

18E 

5.07 

13.6 

39.0 

7.8 

. ■ 

' 19E 

6.2i 

15.8 

46.5 

10.4 


20E 

6.40 

15.7 

44.0 

13.1 


21E 

6.39 

15.7 

44.0 

7.0 

r : ' _ 

22E 

6.00 

14.9 

44.0 

6.1 


23E 

6.07 

15.5 

41.5 

15.1 

24E 

5.43 

13.6 

39.0 

7.8 

25E 

6.02 

15.0 

42.5 

7.5 

Mean 

5.84 

15.0 

41.8 

9.4 

S.D. 

±0.52 

±0.9 

±3.3 

±3.9 


TABLE C X 


HemaXolOQif maZe. Mcuti exposed to HaZon 1301. joH. 1 uiztk. 


Rat RBC Hb Hct WBC 

No. (XIO^) (R%) fXlO^ 


Controls 

26E 

6.59 

15.4 

44.0 

6.9 


27E 

6.47 

15.3 

. 46.0 

7.5 


30E 

6.33 

15.3 

42.5 

5.7 


Mean 

6.46 

15.3 

44.2 

6.7 

Exposed 

33E 

5.95 

15.4 

44.0 

8.7 


, 36E 

6.51 

16.2 

47.0 

4.8 


37E 

6.06 

15.2 

43.0 

4.2 


39E 

6.12 

16.5 

45.0 

5.9 


Mean 

6.16 

15.8 

47.7 

5.9 


S.D. ±0.24 ±0.6 ,±1.7 ±2.0 


TABLE C XI 


HomcLtoZogy A£uti con^nzd to ZKpp-iUAZ ckambzA. (no haCoca/ibon) 

<(oA 1 mck. • 


•• 

Rat 

RBC 

Hb 

Hot 

WBC 


No. 

(xio®) 

. (e%) 

(% ) 

(XIO^) 

Control 

1C 

5.10 • 

' 16.2 

44.0 

16.9 


3C 

5.56 

15.7 

44.0 

23.6 


4C 

6.71 

17.0 

49.0 

13.4 

• 

Mean 

5.80 

16.1 

45.7 

17.9 

Confined 

32C 

7.67 

18.3 

49.0 

9.0 


34C 

6.42 

17.0 

. 48.0 

8.1 


35C 

5.20 

16.4:. 

43.0 

14.7 


36C 

5.91 

16.7 

46.5 

7.4 


37C 

6.60 

17.1 

47.0 

8.7 


38C 

8.27 

19.7 

49.5 

11.8 


39C 

6.57 

16.9 

46.0 

8.9 


40G 

7.35 

17.5 

■ 50.0 

11.2 


Mean 

6.75 

17.5 

47.4 

10.0 


S.D. 

±0.99 

±1.1 

±2.3 

±2.4 
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TABLE C XII 


Hmatotocm Amalt Aat6 expoiecf to HaZon 1301 Ion 3 w^efu. 




Rat 

No. 

RBC 

Oao® ) 

Hb 

( ss% ) 

Hct 
( %) 

WBC 

(XIO^) 

Controls 


2E 

7.05 

18.0 

46.0 

9.4 



3E 

6.60 

. 18.4 

46.0 

’ 8.8 


, ^ 

4E 

6.35 

17.5 

43.0 

8.2 



• 5E 

7.12 

• 18.4 

45.5 

6.5 



Mean 

6.78 

18.1 

45.1 

8.2 

• 


S.D. 

±0.36 

±0.4 

±1.4 

±1.3 

Exposed . 


9E 

7.05 

17.4 

46.5 

12.8 



lOE 

7.76 

17.5 

49.0 

14.7 



HE 

5.70 

16.9 

44.0 

10.9 



12E 

7.92 

18*0. 

48.0 

11. 0 


- 

13E 

8.34 

18.8 

50.0 

14.9 


- 

14E 

7.46 

17.0 

47.0 

11.2 



15E 

6.85 

17.2 

46.5 

5.8 



21E 

7.60 

17.8 

47.0 

12.1 

-- 


24E 

8.25 

17.4 

47.5 

10.6 



Mean 

7.44 

17.6 

47.3 

11.6 



S.D. 

±0.82 

±0.6 

±1.7 

±2.7 
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TABLE C XIII 

HejnatoloctiJ oi^ maCe. JuU6 exposed to Haton 1501 i(qa 3 wzc.iu. 


Controls 


- Exposed 


Rat 

No. 

RBC 

(xio®) 

Hb 

(e% ) 

Hct 
(% ) 

WBC 
( X10^> 

26E 

6.33 

15.2 

44.0 

11.0 

27E 

7.46 

17.7 

47.0 

17.0 

28E 

7.48 

16.6 

45.0 

12.5 

29E . 

7.05 

15.4 

45.0 

9.2 

30E 

7.67 

17.9. 

46.0 

16.1 

Mean 

7.20 

16.6 

45.4 

13.2 

S.D. 

±0.54 

±1.3 

±1.1- 

±3.3 

31E 

7.33 

17.4 

48.0 

16.4 

32E; 

6.63 

17.7 

46,5 

16.2 

33E 

6.47 

16.4 

46.0 

10.3 

34E 

7.43 ' 

16.2 

47.0 

13.9 

35E 

8.63 

17.3 

49.0 

18. 5 

36E 

7.15 

16.8 

46.5 

12.1 

38E 

7.77 

17.4 

. 48.0 

16.9 

39E 

7.02 

16.6 

46.0 

13.1 

40E 

8.46 

18.7 

49.0 

10.5 

Mean 

7.43 

17.2 

47.3 

14.3 

S.D. 

±0.74 

±0.8 

±1.2 

±1.1 


TABLE C XIV 


HejnatoZogy OjJ mode con^Zmd to txpo^uM, chambeji [no haZoca/ibon) 
loK 1 weefe. 



Rat 

No. 

RBC 

( XIO^) 

Hb 

(z%) 

Hct 

(%) 

WBC 

(xio^) 

Control 

41C 

6.88 

16.1 

48.5 

11.2 

■ 

■'42C 

5.14 

15.3 

42.5 

21.8 


Mean 

6.01 

15.7 

45.5 

16.5 

Confined 

62C 

5.29 

15.5 

44.0 

9.4 


63C 

7.79 

16.1 

46.5 

12.8 


64C 

7.35 

- 16.1 

47.0 

16.0 


65C 

6.79 

18.1 

50.0 

8.5 


66C 

7.26 

16.3 

46.0 

10.7 


67C 

6.83 

17.5 

51.0 

12.3 

* 

68C 

7.62 

16.9 

47.0 

6.9 


70C ■ 

8.55 

17.3 

48.0 

15.3 


Mean 

7.18 

16.7 

47.4 

11.5 


S.D. 

±0.95 

±0.9 

±2.2 

±3.2 
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TABLE C XV 


HomaXoZogij /iat& aon£Znzd to txpoAUAz chambzA. (no 

hatoccLAbon) /oa 1 month. 


• 

Rat 

No. 

RBC 
(XIO* ) 

Hb 

(k%) 

Hct 
(% ) 

me 

(xio’) 

Control 

12C 

5.96 

16.6 

47.5 

8.6 


14 c 

6.74 ' 

18.3 

48.5 

15.2 

• 

15C 

8.28 

18.7 

49.0 

7.6 


Mean 

6.99 

. 17.9 

48.3 

10.5 

Confined 

31C 

7,05 

’ 18.3 

51.0 

5.2 

{ } - 

33C 

7.38 

19.5 

49.0 

9.0 

■ 

34C 

6.22 

17.6 

43.0 

6.8 


36C 

6*77 

17.6 

48.0 

8.1 

* . 

37C 

7.00 

17.6 

47.0 

5.3 

— 

38C 

6.33 

*17.4 

45.0 

6.5 


' 39C 

6.88 

17.8 

49.0 

10.4 


40C 

7.30 

17.4 

49.0 

11.0 

• «. 

Mean 

6.87 

17.9 

47.6 

7.8 

1 f 

S.D. 

±0.42 

±0.7 

±2.6 

±2.2 


37 


M.. .. 


TABLE C XVI 


/ 


HemcitoZogy ojJ imZz aoXa' con^ine.d to zxpoMUie. ckambeA I no 
haZocoJibon] i(oA 1 month. ^ 



Rat 

, No. 

RBC 

(XIO*) 

Hb 

(R%) 

Hct 
f% ^ 

WBC 

rxio^^ 

Control 

A6C 

8,78 

19.9 

48.0 

13.7 


^7C . 

8.19 

17.6 

47.5 

14.7 


A8C 

8.66 

18.3 

48.0 

13.4 


49C 

7,96 

19.1 

49.0 

8.7 


50C 

8.70 

18.4 

49.0 

13.9 


Mean 

8.46 

18.7 

48.3 

12.9 


* S.D. 

±0.36 

±0.9 . 

±0.6 

2.4 

Confined 

71C 

7.39 

18.0 

•51.0 

11.4 


72C 

7.32 

17.8 

48.0 

9.2 

- 

75C 

7.io 

16.9 

' 46.5 

5.5 


77C 

7.87 

18.5 

52.0 

7.0 


79C 

6.50 

16.2 

44.5 

6.4 

- 

80C 

6.81 

16.2 

48^0 

6.9 


Mean 

7.17 

17.3 

48.3 

7.7 


S.D. 

±0.48 

±1.0 

±2.8 

±2.2 







I 


t 


Table C. XVIi 

O&motia l/iaglUty oi eAythwcytu inom zxpoizd to HaZon 
1301 lOK 1 W£&fe. 


Rat X hemolysis in indicated salt concentration 



■ No. 

0.55 

0.50 

0.45 

0.40 

0.35 

0.30 

0.20 

Controls 

IE 

0 

1.0 

.46.0 

97.0 

99.5 

100 

100 


2E 

0 

0 

7.2 

74.9 . 

97.6 

100 

100 

_ 

3E 

• 0 ' 

1.0 

17.8 ‘ 

83.9 

98.0 

99.5 

100 


AE 

0 

3.8 

38.8 

96.2 

99.4 

100 

100 

• 

• ■ 5E 

0 

0 

32.0 

92.2 

98.8 

99.8 

' 100 

1 1 ■ • 

' 26E 

0 


24.1 

89.4 

100 

100 ■■ 

■ 100 


27E 

0 

0 

19.9 ■ 

83.8 

99.7 

100 

100 

N 

% 

28E 

0 

3.0 

9.0 

63.8 

97.0 

99.8 

100 


29E 

_0 

1.0 

7.0 

80.2 

97.8 

99.9 

99.9 

o _ 

Mean 

0 

t 

1.1 

22.4 

84.8 

98.6 

99.9 

100 

Exposed 

. 0 *• 

19E 

,.0 ■ 

0 

3.8 

66.0 

95.9 

99.0 

100 


22E 

0 

0 

10.8 

• 83.2 

97.8 

98.0 

100 


23E 

0 

0 

6.0 

75.0 . 

95.8 

98.0 . 

100 


25E 

,0 

2.0 

10.0 

81.0 . 

97.8 

99.5 

100 


A2E 

0 

0 

4.0 

80.2 

99.0 

100 

100 


44E 

0 

0 

12.2 

91.0 

99.5 

.100 

100 

, . V 

46E 

0 

0 

8.4 

’ . 78.1 

97. 8 

99.5 

100 


48E 

0 

0.8 

22.1 

89.1 

98.8 

99.9 

100 

- 

Heaa 

0 

0.4 

9.7 

80.5 

97.8 

99.2 

100 

* . ♦ , t i 

o ■ ' 

: ' 

« 
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Table C* XVIII 

OimotCd ImgitUy zAc/tfvioct/tu inom HjoJ^ expos zd to Halon 130i 


^OA 1 month.. 


Rat X hemolysis In, indicated salt concentration 


No. 0.55 0.50 0.45 0.40 0.35 0.30 0 . 20 


Controls 

i 

IE 

0 

3.0 

23.5 

91.0 

100 • 

100 • 

100 


'2E 

f 

0 

0 

18.0 

84.0 

,99.8 

100 

100 


3E ' 

0 

0 

23.8 

95.0 

100 

100 

100 


5E 

0 

0 

16.8 

83.0 

86.8 

100 

• 100 

• 

■ 26E 

0 

^ 0 

1.5 

63.6 

95.2 

99.1 

99.5 

' ■ i 1 • 

27E 

0 

0 

1.0 

46.0. 

64.2 

100 _ 

100 


28E 

0 

0 

6.0 

78.0 

98.0 

99.6 

100 

* V ' 

29E 

0 

0 

0 

45.9 

94.1 

99.5 

100 


30E 

0 

0:2 . 

0.6 

48.0 

91.2 

99.0 

100 

O' ' 

Kean 

0 

0.4 

10.1 

70.5 

92.1 

99.7 

.99.9 

Exposed 

' ' ,11E 

0 . 

0 

16.8 

83.0 

‘ 86.8 

100 

100 


• 14E 

\ 

0 

0 

18.2 

' 81.8 

99.7 

100 

100 

' 1 y . ' 

15E 

0 

0 

7.2 

70.8 

96.8 

99.7 

100 


17E 

• 0 

0 

16.8 

86.5 

— 

100 

100 


24E 

0 

.0.2 

' 33.1 

93.4 

99.1 

99.8 

100 


34E 

0 

4.8 

54.2 

95.2 

99.2 

100 

100 


41E 

0 

0 

39.0 

94.0 

99.8 

100 

100 

\ 

' V . 

45E 

0 

8.8 

63.9 . 

■ 96.1 

100 

100 

100 

47E 

0 

0 

0 

57.9 

95.0 

99.1 

100 

',* ■ * 

50E 

0 

0 

0 

72.5 

96.8 

99.1 

100 


Mean 

0 

1.4 

24.9 

83.1 

97,0 

99.8 

100 
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Table C, XIX 



04»motic iKOQlUty oi QJiytkf[DCJjtu koXi con^inzd to expo^twe 
ckambcn. {no haZoaa/Lbon] <(o/l 1 month, ' 









Hat: % hemolysis In indicated salt concentration 



No. 

0.55 

0.50 

0.45 

0.40' 

0.35 

0.30 

0.20 

Concrols 

1 

% 

• 1C 

• 0 

0 

9.5 

99.5 

100 

100 

100 

• 

2C 

0 

0 

72.8 

' 93.8 

IQO 

100 

100 


■■ 3C 

0 

6.4 

58.2 

90.0 

100 

100 

100 


4C . 

0 

0 

46.0. 

. 85.5 

99.0 

100 

100 

. , * 

5C 

0 

13.7 

66.2. 

90.8 

99.3 

100 

100 

. 

46C 

0 

0 

18.2 

86.8 

99.0 

100 

100 


47C 

• 

0 

0 

16.0 

74.6 

96.2 

98.2 

100 

~ 

49C ■ 

0 

2.8 

36.6 

88.8 . 

98.2 

100 

100 

’ • 

50C 

0 

. 0 • 

10.1 

76.8 

99.5 

100 

100 


Kean 

0 

2.5 

37.1 . 

87.4 

99.0 

99.8 

100 

Confined 

23C 

0 

• 0 

22.7 

94.4 

/ 

98.5 

100 

100 


25C 

0 

0 

6.8 

96.3 

99.2 

100 

100 


26C 

® , 

0 

6.0 

89.4 , 

98.6 • 

100 

100 


30C 

0 

0 

4.0 

16.8 

91.0 

98.5 

100 


32C 

0 

0 

33.5 

85.5 

97.7 

100 

100 

61C . . 

0 

0 

11.0 

87.0 

98.0 

199.0 

100 

62C 

0 

0 

■ f 

0 

8.6 

83.6 . 

98.0 

99.5 

100 

65C 

0 

25.0 

88.2 

96.8 

100 

100 

66C 

0 

2.2 

13.5 

80.6 

87.1 

98.8 

100 

76C* 

0 

0 

5.0 

65.8 

94.8 

100 

• 100 

Kean 

0 

.2 

13.6 

78.8 

96.0 

99.6 

100 


TABLE C XX 


WzzkZij Clicunb&>L ConciOUomt and Bodij lUe^gkti R<td 
EKpo6&d to FAeon 116 


Chamber conditions Body weight, g 


Week 

Freon, % 

02. % 

CO 2 , % 

T, “F 

Exposed 

Control 

1 

20.8 

19.8 

0.09 

77 

194 

192 

2 

18.3 

18.1 

0.23 

77 

197 

237 

' 3 

20.7 

19.2 

0.51 

77 

257 

290 

4 

24.8 

19.4 

0.43 

77 

271 

310 

5 

18.7 

19.4 

0.38 

77 

287 

327 

6 

24.4 

19.6 

0.34 

77 

324 

366 

7 

18.4 

19.9 

0.42 

76 

326 

372 

8 

22.4 

20.0 

0.27 

77 

350 

380 

9 

20.7 

19.6 

0.39 

78 

380 

408 

10 

18.3 

19.3 

0.48 

78 

396 

422 

11 

24.1 

20.7 

0.66 

77 

395 

419 

12 

19.1 

20.5 

0.58 

76 

406 

422 

13 

15.6 

19.6 

0.80 

79 

409 

431 

14 

16.2 

19.9 

0.21 

79 

422 

438 

15 

20.0 

19,9 

0.43 

81 

428 

426 

16 

24.0 

20.4 

0.38 

81 

434 

431 

17 

20.1 

19.9 

0.26 

81 

433 

436 

18 

22.2 

19.9 

0.29 

75 

433 

447 

19 

20.2 

18.8 

0.37 

73 

436 

450 

20 

21.7 

19.5 

0.36 

77 

425 

454 

21 

22.4 

20.7 

0.39 

80 

416 

456 

22 

24.3 

20.8 

0.35 

79 

426 

461 

23 

21.9 

20.5 

0.35 

77 

428 

466 

24 

20.9 

20.1 

0.42 

77 

432 

470 

25 

17.8 

19.3 

0.43 

77 

435 

475 

• 26 

18.5 

20.3 

0.32 

77 

429 

464 

27 

22.8 

20.6 

0.41 

77 

442 

470 

28 

19.6 

24.4 

0.31 

75 

439 

465 

29 

20.6 

20.7 

0.34 

76 

442 

466 

30 

23.1 

20.9 

0.33 

76 

449 

462 

31 

21.3 

20.4 

0.43 

76 

455 

477 

32 

21.6 

20.1 

0.31 

76 

457 

488 

33 

21.0 

19.2 

0.35 

77 

460 

499 

34 

20.2 

21.2 

0.52 

77 

466 

508 

35 

20.3 

20.5 

0.36 

77 

479 

508 

36 

.20.1 

21.6 

0.42 

77 

484 

509 

37 

19.7 

20.7 

0.36 

76 

489 

516 


TABLE C XXI 


HamtoZogif oi Rat6 Expoizd 

to F/teort //6 ion. JS Wzzfu 


Rat 

Hot 

Hb 

RBC 

WBC 

No. 

% 

gZ 

XIO® 

XIO^ 

Control 





1 

45.0 

15.2 

7.47 

18.1 

2 

46.0 

15.0 

7.87 

14.1 

4 

45.0 

15.8 

8.51 

11.5 

8 

49.0 

17.4 

8.46 

11.7 

9 

47.0 

17.0 

8.53 

13.3 

12 

47.0 

17.8 

8.21 

16.4 

Mean 

46.5 

16.4 

8.17 

14.2 

■ 4 - o n 

mm m *1* m 

1.5 

1.2 

0.42 

2.6 

Exposed 





13 

50.0 

17.8 

9.34 

23.6 

14 

57.0 

18.0 ■ 

9.37 

19.3 

17 

51.0 

17.4 

7.99 

8.0 

18 

48.5 < 

18.4 

10.14 

8.3 

19 

• 43.0 

15.5 

8.45 

13.0 

Mean 

49.9 

17.4 

9.06 

14.4 

± S.D. 

5.0 

1.1 

0.84 

6.8 


43 


V 


1 


Rat 

No. 

Control 

1 

2 

4 

8 

9 

12 

Mean 
+ S.D. 

Exposed 

13 

14 
16 

17 

18 

19 

20 
21 

Mean 


± S.D 


I 


j 


1 


I 


TABLE C XXII 



ylogtj ?KoiU.QA> oi Rat6 Expo^zd 

to FAzon 116 (5o4. 34 (JJzzlvi, 


Hct Hb RBC WBC 

% g% XIO® XIO® 


50.5 

19.1 

8.95 

7.2 

45,0 

16.8 

6.77 

8.0 

48.5 

18.0 

8.32 

7.9 

51.0 

19.3 

8.16 

6.0 

48.0 

18.3 

8.74 

6.1 

48.5 

19.3 

8.51 

14,2 

48.6 

18.5 

8.24 

8.2 

2.1 

1.0 

0.77 

3.0 


47.0 

18.3 

7.76 

8.3 

46.0 

19.1 

7.19 

6.1 

50.5 

20.5 

8.51 

7.1 

48.0 

18.3 

8.03 

. 9.7 

50.0 , 

18.1 

8.19 

9.8 

• 47.5 

17.6 

8.05 

8.3 

51.5 

19.2 

9.77 

10.4 

48.5 

17.6 

8.63 

8.3 

48.6 

18.6 

8.27 

8.5 

1.9 

1.0 

.73 

4 




I 


1 


1 


TABLE C XXIII 


Hematology ?/lo {, 11(16 o{ Rat6 Expo6ed to F^zon 116 
{ok 37 v)zzk6 


Rat No. 

. Hot 
% 

Hb 

8% 

RBC„ 

xlO^^ 

xlO® 

Ncut 

Differential 

Lymph 

Mono 

Eos in 

Control 









1 

47.0 

16.4 

6.87 

10.4 

16 

82 

2 

- 

2 

43.5 

17.6 

6.13 

8.6 

21 

79 

- 

- 

4 

45.0 

18.3 

7.14 

5.4 

17 

82 

1 

- 

8 

47.5 

17.5 

6.76 

6.0 

24 

74 

2 

- 

9 

45.0 

16.2 

7.81 

5.7 

36 

60 

3 

1 

12 

47.5 

15.0 

7.27 

9.1 

23 

74 

1 

• 2 

Exposed 








' 

13 

46.5 

16.0 

7.22 

10.6 

15 

82 

3 

- 

14 

43.5 

15.6 

6.65 

6.9 

23 

73 

3 

1 

16 

46.5 

16.6 

7.39 

9.9 

19 

75 

2 

4 

17 

44.5 

14.7 

6.34 

7.1 

12 

86 

- 

2 

18 - 

-46.0“ 

15.8 

6.58 

6.2 

18 

75 

5 

2 

19 

44.5 

14.4 

6 . 88 

7.7 

34 

64 

- 

2 

20 

43.0 

15.7 

6.92 

9.2 

34 

62 

3 

1 

21 

43.0 

15.0 

6.59 

6.9 

28 

70 

2 

- 


TABLE C XXIV 


Chzmli>tJUj Vn.o{^ll(Li> UatSt Ex,poi>zd to Tfizon 116 
(Jo A 37 weefe4 


Rat No. 

Alk.P. 

Acld.P. 

SCOT 

SGPT 

Na*^ 


Glu 

BUN 

CPK 

Control 










1 

13.9 

9.4 

84 

• 32 

144 

5.2 

112 

18 

51 

2 

16.9 

13i5i 

74 

20 

142 

5.6 

120 

20 

76 

A 

6.8 

12.6 

62 

27 

166 

4.9 

136 

14 

41 

8 

15.8 

12.0 

55 

17 

145 

5.0 

140 

17 

25 

9 

9.4 

9.0 

55 

20 

145 

5.1 

124 

18 

30 

12 

23.6 

9.2 

58 

50 

146 

5.1 

156 

18 

6 

T9 . . J 

UA,pOdt*«A 










13 

18.6 

11.4 

74 

20 

145 

5.6 

120 

16 

20 

14 

35.3 

11.3 

70 

25 

145 

5,2 

150 

14 

50 

16 

17.8 

Hi 4 

62 

11 ■ 

144 

5.3 

128 

17 

25 

17 

26.3 

11.8 

90 

25 

144 

5.6 

126 

14 

33 

18 

12.8 

12.0 

84 

30 

144 

5.9 

126 

19 

53 

19 

26.8 

9.6 

58 

27 

145 

4.8 

148 

13 

30 

20 

29.6 

lSi6 

74 

27 

142 

5.4 

168 

18 

38 

21 

24.4 

5.8 

21 

17 

143 

4.7 

158 

20 

9 


46 


J 


I 


1 


i 


I 


TABLE C XXV 


liittkZij ChmbeA ConcHtCoM and Body Weight oi 
Monk&y Ex.po6e.d to Facoh 1J6 


Chamber conditions Body weight 


Week 

Freon, % 

Oj, % 

CO 2 , % 

T, *F 

kg 

0 


21 

0.12 

78 

3.76 

1 

19.5 

21 

0.28 

79 

3.81 

2 

22.3 

20 

0.20 

79 

3.96 

3 

21.5 

21 

0.32 

80 

4.04 

4 

22.8 

21 

0.15 

78 

3.67 

• 5 

23.6 

21 

0.23 ■ 

78 

3.83 

6 

17.8 

22 

0.14 

79 

3.82 

7 

22.3 

21 

0.17 

77 

3.90 

8 

20.8 

21 

0.32 

77 

4.04 

9 

23.4 

20 

0.32 

78 

4.10 

10 

26.2 

21 

0.40 

78 

4.02 

11 

26.0 

20 

0.42 

78 

3.96 

12 

19.9 

20 

0.39 

78 

4.06 

13 

20.9 

21 

0.40 

79 

4.10' 


23.5 

21 

0.42 

78 

4.09 

15 

21.7 

21 

0.11 

77 

4.05 

16 

20.3 

20 

0.18 

77 

4.00 

17 

19.8 

21 

0.20 

76 

4.02 

18 

20.3 

21 

0.23 

77 

3.99 

19 

21.2 

21 

0.28 

77 

3.99 


TABLE C XXVI 


Hemcutotogy VKoilLo. Rkzitii Monfeet/ 
.Expoizd to FA&on JJ6 


Date 


Hct 

Hb 

RBC 


6 

Jun 

72* 

44.0 

14.8 

6.45 

18. 

4 

9 

Sep 

72* 

45.0 

14.2 

6.44 

22 . 

2 

13 

Sep 

CM 

39.0 

13.2 

5.47 

24. 

8 

20 

Sep 

72 

36.0 

10.2 

5.78 

16 . 

9 

27 

Sep 

72 

36.0 

11.8 

5.69 

11 . 

8 

12 

Oct 

72 

42.0 

14 2 

6.33 

14. 

0 

1 

Dec 

72 

43.5 

14.6 

6.61 

14. 

9 

22 

Dec 

72 

40.5 

13.6 

5.84 

18. 

4 

3 

Jan 

73 

42.5 

14.4 

6.50 

14. 

0 

31 

Jan 

73 

42.5 

15.1 

6.10 

16. 

4 

28 

Feb 

732 

41.5 

14.6 

5.40 

11 . 

5 


^Baseline 

*One month post-exposure 
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TABLE C XXVII 


CkmUtAxj Vnoiltt oi Kkziui Monkztj Bxpoi&d to f/L&on 116 


Date 


T.P. 

ALB 

CA. 

I.P. 

CHOL. 

GLU 

U.A. 

GREAT. 

T.BIL 

ALK.P. 

LDU 

SCOT 

6 Sep 

72^ 

7.6 

4.0 

11.2 

7.9 

175 

129 

0.40 

1.0 

0.15 

315 

280 

46 

13 Sep 

722 

7.3 

3.4 

10,4 

6.8 

148 

80 

0.25 

0.8 

0.20 

312 

483 

49 

11 Oct 

723 

8.2 

3.8 

9.6 

8.1 

175 

110 

0.40 

1.4 

0.30 

206 

1880 

88 

1 J 

22 Nov 

72 

7.6 

3.4 

10.5 

5.0 

162 

87 

0.40 

0.9 

0.10 

203 

139 

29 

20 Dec 

72 

7.5 

3.9 

12.0 

7.9 

191 

68 

0.20 

0.9 

0.10 

239 

285 

43 

3 Jan 

73 

7.0 

3.7 

9.7 

3.4 

146 

80 

0.20 

0.8 

0.10 

197 

130 

30 

31 Jan 

73 

7.0 

3.7 

10.1 

6.2 

167 

90 

0.30 

0.9 

0.20 

253 

289 

37 

28 Feb 

73* ** 

6.9 

3.6 

9.6 

4.8 

135 

70 

0.40 

0.9 

0.20 

294 

414 

43 


^ Baseline 

* Monkey in chamber 6 Sep 72 - 13 Sep 72 w/o Freon 
^ Sample badly hemo lysed 


S ( 4 One month post-exposure 


D. MEMBRANE SYSTEMS 


In a continuing effort to assess sub-tle manifestations of toxicity, 
various studies were conducted to evaluate the in vivo or ^ vitro effects 
of halocarbon exposure on membrane systems. The specific chemicals selected 
for the exposures were determined by previous experimental results. They 
were selected for studies designed to evaluate their effect on mitochondria, 
microsomes, liposomes, and erythrocyte fragility. Each portion of this 
section discusses the development and results of these studies. 

Mitochondria and Microsomes 

Preliminary studies to evaluate the effect of halocarbon exposure on 
mitochondrial and microsomal function revealed some differences proper ted 
to be caused by the exposure; however, the methodology selected for these 
initial tests was thought questionable, therefore, new methods were developed 
(see Table D-I for a comparison of the "old" and "new" methods) and the 
experiments repeated. 

The new method was applied to intermittent ^ vivo exposures involving 
Freon C-318 and Freon 116, short-term exposures to Halon 1301, Freon 116, 
Freon C-318, Freon 12 and Halon 2402, and long-term exposure to Freon 116. 

In vitro studies involved Freon 12 and Halon 1301. 

In Vitro Studies 

An experiment was designed to expose isolated mitochondria in vitro . 

The isolated mitochondria were placed in a respirometer with 20% v/v of 
halocarbon. Oxygen consumption was measured with, the instrument during the 
actual exposure. 
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Studies involved exposure to Halon 1301 and Freon 12 on liver and 
heart mitochondria (Table D-II) . No changes in mitochondrial activity were 
noted from these exposures. 

In Vivo Studies 

Short-term exposures . Female weanling rats were exposed to either Halon 
1301, Freon 116, Freon C-318 or Freon 12 for 30 min or to Halon 2402 (10 min) 
in a static chamber. Concentrations of the halocarbons ranged from 5 - 8% v/v 
(see Table D-III) , Control rats were placed in the chamber for an identical 
period but without altering normal atmosphere. Rats (control and exposed) 
were sacrificed immediately after removal from the chamber and mitochondria 
from liver, lung, brain, heart and kidney prepared and analyzed by the new 
procedure. Data from the analyses are presented in Table D-III. No effect 
on respiration or phosphorylation was indicated; however,, there was a suggestion 
that Halon 1301 and Freon 116 and C-318 might increase the phosphorylation of 
brain mitochondria, or may have protected it from uncoupling during isolation. 
Further coverage of these data is in the Appendix (Toxicological Responses to 
Halogenated Hydrocarbons) . 

Another 30-min exposure of female rats (200 g) to Freon 12 was conducted 
which elicited no effect from mitochondria from heart, lung, brain or liver 
(Table D-IV) , r>ut indicated a possibility of a partial uncoupling of kidney 
mitochondria. 

Long-term exposures . Following the 37-wk exposure of rats to Freon 116, 
various biochemical parameters of the microsomal mixed function oxidase in 
livers were examined. No significant effect on any of these measurements 
(Table D-V) was noted. 
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Rats exposed to Halon 1301 (5.3%) for 30 days (23 hr /day) were evaluated 
for effects on mitochondrial enzyme systems from heart, lung, brain, kidney 
and liver. Also, mitochondrial membrane activity v;as evaluated by measuring 
the respiration of NADH in the absence of any other substrate. Since NADH 
cannot penetrate an intact mitochondrial membrane, it was felt that this assay 
would be a useful indicator of the quality of the mitochondrial preparations. 

The results of studies of mitochondria are shown in Tables D-VI - D-XI. 

No effect from exposure was indicated by any of these data. Plus, from Table 
D-XII, it can be seen that studies were carried out with intact, functioning 
mitochondria. 

Microsomal enzyme systems were assessed by measuring demethylase and 
biphenyl hydroxylase activity. Studies were made on rat liver 12,000 x g 
supernatant fraction from the mitochondrial preparations. The effect of 
exposure to Halon 1301 on the enzyme activities are presented in Table D-XIII. 
Table D-XIV shows the data from identical parameters measured in confined control 
animals and the outside control animals. Both the exposure and/or the confinement 
to the chamber resulted in increases in enzyme activity; however, only in the 
case of 2-hydroxybiphenyl hydroxylase was the increase significant when compared 
to the chamber- con fined controls. 

Intermittent Exposures . Female rats were exposed to either Freon C-318 
(5% v/v) or Freon 116 (5% v/v) for 1 hr /day, 5 days/wk for 6 wk in order to 
assess the effect on mitochondrial and microsomal function. Exposed and control 
animals were sacrificed at 2, 4 and 6 wk except for the Freon 116 exposed animals 
which were sacrificed at 1, 2, 4 and 6 wk. 

In neither exposure was there any noted significant effect due to the 
exposure as can be seen from the samples of data from the Freon G— 318 exposure 
(Tables D-XV through D-XIX) . However, for this exposure, there was a suggestion 
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of an inhibition of oxidative phosphorylation in heart mitochondria at 4 
and 6 wk. Also, for both exposures, a small consistent inhibition of liver 
microsomal biphenyl hydroxylase activity was noted. 

Erythrocyte Pragillty 

To establish the effect of halocarbons on red cell erythrocyte fragility, 
preliminary in vitro studies were conducted, the results of which were equivocal; 
therefore, a second expertoeat using the Dacie method of measuring osmotic 
fragility of erythrocytes was conducted. The results of this study (Table 
show a stabilizing effect on the membrane at 1 and 2 mM concentration cf H&lon 
2402 thus confirming the earlier data. 

Hov:ever, these studies required a mixture of ethoxyethanol/ethanol to 
dissolve the halocarbon in the suspension of erythrocytes making it difficult 
to ascribe the observed effect to the halocarbon. Therefore, an in vivo study 
was conducted. Rats were exposed to 4.3% v/v Halon 2402 (10 min). Tlie results 
(Table D-XXI) indicate a slight but definite increase in erythrocyte fragility. 

Information was obtained during the 30-day exposure of rats to Halon 1301 
on the integrity of the red cell membrane. Measurements of osmotic fragility 
of erythrocytes were determined at 1-wk exposure, 1-mon exposure and 1-mon 
confinement, i.e,, chamber controls Csee Table D-XXII, D-XXIII, and D-XXIV) . 

No effect was noted from either the exposure of the animals or their confinement. 
These tables were also presented in Section C, as Table numbers C-XVII, 

C-XVIII and C-XIX. 
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LOPvRT and IT 


To Indirectly measure the effect of Freon 116 on microsomal function, a 
study was devised to measure the loss of righting reflex time (LORRT) following 
hexobarbital administration and induction time (IT), i.e., the time between 
injection and LOKRT. Hexobarbital was administered to mice prior to the 
exposure. The effect of either a 1-hr exposure or 10-day exposure to Freon 
116 was evaluated in male and female mice for the short exposure and male 
mice for the 10-day study. 

For the 1-hr study, mice were placed in a glove bag chamber which was 
filled with, air and Freon 116 (approximately 23%) . A control group was exposed 
to an air/nltrogen mixture to assess the effect of decreased oxygen tension. 
Concentrations of oxygen, nitrogen and Freon 116 are shown in Table D-XXV. 

During the 10-day exposure make-up, oxygen was replaced in the closed 
dynamic mode chamber and CO 2 absorbed by a LiOH scrubber. The 23-hr/day 
exposure allowed 1 hr for cleaning, feeding, etc. Average body weights of 
the animals are shown in Table D-XXVII. Table D-XXVI contains measurements 
of concentrations applicable to this exposure. 

Following the 10-day exposure, the animals were transferred to the glove 
bag for LORRT and IT Measurements. Atmospheric concentrations in the glove bag 
were measured (Table XXV) . 

Although, there was a variation in response to hexobarbital, the data was 
sufficient to demonstrate that Freon 116 had no effect on hexobarbital LORRT 
or IT at the exposure levels and under these conditions (Tables D-XXVIII and 
D-XXIX) . 
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Liver Cell Nuclei 


In, order to study the effect of halocarbons on membranes, various 

preliminary investigations were conducted on biological membrane systems 

to determine the feasibility or value of extending these investigations to 

one or more of the halocarbons under study. 

One such investigation involved the vivo exposure of mice and rats 

to halothane gas followed by the homogenization of the livers upon sacrifice 

and subsequent isolation of a nuclear pellet for analysis for halothane 

CTables D-XXX and D-XXXI) . A second series of experiments using rats and 

14 

mice was conducted to measure the ^ vivo incorporation of C-labeled 
thymidine into liver DNA. Data from both these experiments are presented in 
Tables D-XXXII and D-XXXIII. Details of the studies were included in the 
First Annual Report. 
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Table p.’ I 




A coi(npaJtyUon tkz 'old' and 'new 
meXhodi ' ^ok cu^6atjlnQ mUjochondhJLai 


procedure 

'old method' 

'new method' 

comment 

homogenization 

buffer 

0.25M sucrose-0. OIM 
Tris CL 

0.25M sucrose + 
O.OOIM EGTA 

EGTA removes calcium which 
damages mitochondria 

homogenization 

vlrtis (heart, lung) 
or Potter-Elvehjein 
(liver , kidney ,brain) 
homogenizers 

Pounce (kidney , brain 
heart) and Potter- 
Elvehjein (liver, Ixing) 
homogenizers 

less shear force and less mi- 
tochondrial damage with 
Pounce homogenizer. 

resuspension of 

- 

stirring rod or 
homo geni z a tion 

cold finger 

/ 

cold finger gives homogeneoue 
suspension with almost no 
shear force. Stirring rod 
gives poor suspension-homo- 
genization damages mitochon- 
dria by shear force. 

isolation of 
heart mitochondria 

connective tissue i 
broken by virtis 
homogenizer 

connective tissue 
digested with an 
enzyme , nagarse 

nagarse treatment frees mitO' 
chondria without high shear 
forces which damages mito- 
chondria 

assay buffer 

(t 

chance media 
without fliiorlde 

chance media with 
fluoride 

fluoride inhibits ATPase whi 
hydrolyses ATP as it is form 
ed in the mitochondria. 
Fluoride gives higher measur 
ed phosphorylation. 

additions to 
assay buffer 

1.0% bovine 
serum albumin 
(BSA) 

no BSA 

BSA binds fatty acids and 
other lipophyllic compounds 
and prevents them from act- 
ing on the mitochondria. 

BSA may bind the compound 
whos effect on mitochondria 
is being measured. Hence, 
omission of BSA makes the 
mitochondria more sensitive 
to the compound being tester 


0.5% glucose 

t 

1.0% glucose 

0.5% glucose can only trap 
26% of the phosphate in the 
assay as glucose-6-phosphat 
This value is exceeded quit 
often in the assay. Hence, 
we switched to 1.0% glucose 
which extends the trapping 
capacity to 52% of the P^. 
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Table I Cont, 

Icjont'd] A compaAUon oi ihz 'oM* and 

'nm rmthodi' cu>iaying mltochondA^a, i 

f 

I 


procedure 

'old method' 

'new method' 

comment 

^additions to 
aasay buffer 

no glucose-6- 
phosphate 

5mM glucose-6- 
phosphate 

the experimental flasks 
trap P as glucose-6- 
phosphate while veiry little 
is formed in the blank flasks. 
However glucose-6-phosphattt 
ase activity is present in 
the mitochondria and is not 
corrected for in the blank 
flasks . 

add! [ons to 
sldearm 

0.3 ml 0.25 M 
sucrose-0.01 M 
Trla CL to sldearm 
of blank flasks 

0.3 ml 0.2 M KCL 
to sldearm of 
blank flasks. 

KCL is better since it 
matches the K"^ added in 
the experimental flasks 
(they get 0.3 ml 0.1 K Kz 
succinate) . Chloride matches 
the negative charge of the 
succinate. 

■ Corrections 

■v 

no time correct- 
ion for when phos- 
phorylation occurs 
but respiration 
is not measured 

time corrected 

time corrected phosphory- 
lation gives lower but real 
values of phosphorylation. 

analysis 

r 

Fisk subbarow in 
the test tube 

Pisk subbarow 
on autoanalyzer 

autoanalyzer reduces human 
error, standardizes reagents 
and generally gives more 
reproducible results . 
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Table D, II 


- The e^^ecX In vMtnx) expoAiine keanX and 
JU.VQJI nUXochondAUa to HcUon 1301 and fA.eon / 2 » 



Oxidative , 

phosphorylation" 

. Respiration*^ 

P/0^ 

COYVUwZ. 




Liver 

1.09 

0.92 

1.19 

Heart 

2.29 

1.84 

1.24 

Halon 1301 Trial 


. 


Liver 

1.21 

0.84 

1.44 

Heart 

2.82 

1.74 

1.62 

ContnoZ 




Liver 

0.99 . 

0.92 

1.07 

Heart 

1.72 

2.62 

0.66 

HaZon 1301 Trial 112^ 




Liver 

1.10 

0.86 

1.28 

Heart 

2.42 

2.31 

1.05 

ContAoZ 




Liver 

1.39 

1.35 

1.02 

Heart 

1.34 

1.70 

0.79 

F/ieon 12^ 




Liver 

1.52 

1.40 

1.08 

Heart 

1.26 

1.71 

0.74 

a The respirometer was 

gassed with air or 

20%- Freon prior 

to assay 


b Expressed as yMoles ester if ied/mg protein/20 minutes. 

C Expressed as yAO/mg protein/20 minutes. 

d Expressed as the ratio of oxidative phosphorylation to, respiration 


Table D, III 


El^acX: cui aaut& expo^uA-t to haloaoAboiUi on mitockoncktat 

AZ6p-aiatLon and pho^phoAJjZatlon o6 me.aMiAtd by thz tmpAjOvzd metkodi 


Group 

of 

Rats 

Exposure 





Mitochondrial Activities (Succinate) 





Cone. 

% 

Duration 

min. 


Liver 



Lung 



Brain 



Heart 



Kidney 

Ozl-^^-^ATP 

^ P/0^ 

024- Pj^-^ATP P/0 

CM 

o 

P^->-^TP 

P/0 

024’ p^-+-ATP 

P/0 

02'^p^hJ^TP P/0 

control 

0 

30 

4.9 

7.2 

1.4 

9.0 

14 

1.5 

3.2 

4.2 

1.3 

8.6 

8.8 

1.0 

15 

17 

1.1 

2402 

6.2 

10 

6.6 

8.4 

1.3 

12 

17 

1.4 

2.9 

3.9 

1.3 

10 

12 

1.2 

15 

17 

1.1 

control 

0 

30 

5.8 

9.5 

1.7 

11 

18 

1.8 

3.0 

3.7 

1.2 

7.7 

7.5 

1.0 

18 

2] 

1.2 

1301 

6.8 

30 

5.6 

9.5 

1.7 

11 

23 

2.1 

2.5 

4.6 

1.8 

8.1 

8.7 

1.1 

14 

16 

1.1 

o> 

in 

control 

0 

30 

6.3 

9.5 

1.5 

11 

16 

1.4 

3.0 

3.3 

1.1 

8.4 

8.0 

1.0 

18 

21 

1.2 

116 

7.3 

30 

6.6 

9.8 

1.5 

9.4 

15 

1.6 

3.1 

4.4 

1.4 

9.5 

8.6 

0.9 

' 16 

22 

1.3 

control 

0 

30 

5.0 

9.4 

1.8 

9.5 

15 

1.6 

2.3 

3.4 

1.5 

6.3 

7.8 

1.2 

14 

24 

1.7 

C-318 

5.0 

30 

7.1 

12 

1.7 

9.4 

16 

1.6 

2.8 

4.7 

1.7 

8.4 

10 

1.2 

15 

22 

1.5 

control 

0 

30 

5.8 

11 

1.9 

9.8 

17 

1.8 

2.8 

4.0 

1.4 

7.7 

10 

1.3 

14 

17 

1.2 

12 

7.6 

30 

4.9 

8.2 

1.7 

11 

18 

1.6 

2.6 

4.1 

1.6 

7.4 

8.5 

1.1 

14 

16 

1.1 


^ expressed as myAO taken up/mg protein/minute x 10 

expressed as jau Moles eaterlf led/mg protein/minute x 10 

<» 

phosphorylation ^ 

respiration • 



Table D, IV 





Th& oi a. 30-minutz zxpo6uAz 

to 51 (v/y) F/teon 1Z on mUodiond/UaZ 
{^mottom. 


• 

Oxidative^ ’ ^ 

phosphorylation _ Respiration® 

P/0^ 

+NADH^ 

-NADH 

ContAoti 






Heart 


2.00 

1.23 

1.65 

79/0 

Lung 


1.41 

• 0.96 

1.47 

0/0 

Brain 


0.83 

0.60 

1.41 

7/0 

Exp 06 zd 


- 




Heart 

■ 

1.59 

1.37 

1.16 

206/0 

Lung 


1.10 

0.95 

1.71 

3/0 

Brain 


0.70 

0.37 

1.90 

12/5 

• 


Succinate 

a-kg 3-oxy • • 

+NADH 

, . . 

ADP/0 

.3/4^ 

ADP/0.. 3/4,. ADP/0 

3/4 

-NADH 

ContAoZi 






Liver 

1.73 

3.45 

3.71 3.62 4.05 . 

3.24 

12/10 

Kidney 

1.75 

2.44 

- - 

- 

10/0 

txj306zd 





\ 

Liver 

1.72 

3.36 

3.92 3.04 3.24 

3.04 

11/11 

Kidney 

1.48 

1.65 

. - -■ - 

- 

30/0 


ft Expressed as yMoles Pj[ csterified/mg protein/20 minutes 
b Expressed as pAO/mg protein/20 minutes, 

C Expressed as the ratio of oxidative phosphorylation to 
respiration, 

d Expressed as pAO/mg protein/min X 10®, 
e State 3 respiration over state 4 respiration* 

a~kg (a-ketoglutarate) and 3~oxy (3~bydroxybutyrate) 


' 60 

A 


1 


I 


1 
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Table D. V 

B.iodi(HniaaZ paAantaieAi 0 ({ Xhe. micAoiomaZ mlKQ.d {{uncXlon 
OKldaJ><L Zn tiveJU> /laXi, zx.po 60 .d 37 mdKt to FAeon U6 


Biochemical 

parameter 


Control 

rats 

(N=6) 


Freon 


rats 

(N=8) 


cytochrome P-450 

(O.D.^gonm ^ protein/ml) 76 ± 25 69 ±18 


cytochrome bs 

(O.D.^28nm ^ '"*8 protein/ml) 34 ± 14 35 ± 15 


biphenyl hydroxylase 

(nMoles 4-OH-biphenyl ) 

( mg/protein/hr ) 

N-demethylase 

(nMoles p-chloroaniline ) 
( mg/protein/hr ) 

lipid peroxidation 

(uroles malonaldehyde ) 

( mg/protein/hr ) 

glucose-6-phosphatase 
( nMoles Pi ) 
(mg/protein/20 min) 


43 ± 4 


166 ± 30 


48 ± 12 


3.4 ± 0.9 


36 ± 21 


146 ± 32 


41 ± 11 


3.8 ± 1.0 
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Table D. VI 

Tkt (L^izct crj( coj^t4wuou6 'expo4uAe to Halon 1301 on hzojU 
rMXochondnA.Oi nati. 


L 

Oxidative Respiration; P/0 

phosphorylation^ . 


« 

Females 

Males 

Females 

Males 

Females 

Males 

2 weeks exposed 

1.64 

1.28 

0.70- 

1.09 

2.33 

1.17 

controls 

— 

2.16 

1.69 

1.91 

— 

1.13 

2 weeks confined 

1.68 

1.65 

.0.62 

0.93 

2.72 

1.77 

controls 

1.67 

1.53 

0.90 

0.93 

1.86 

1.66 

4 weeks exposed 

3.50 

1.80 

1.15 

1.05 

3.05 

1.71 

. controls 

4.26 

2.53 

1.55 

1.17 

2.74 

2.18 

4 weeks confined 

2.27 

1.55 - 

1.12 

0.85 

- 2.04 

1.82 

controls 

2.04 

2.17 

1.04 

0.87 

1.95 

2.49 


expressed as jJMoles esterified/mg protein/20 minutes, 
expressed as UAO/mg protein/20 minutes. 
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Table D. VII 

Tkz tiizdt OjJ continaouA zxpo6uAZ to HaZon 1301 on lung 
ttuXochondnZa, oK 


Oxidative Respiration^ P/0 

phosphorvlation.*^ ~ • 


Females 

Males 

Females 

Males 

Females 

Males 


2 weeks confined 

1.57 

2.47 

0.89 

0.92 

1.77 V 

2.69 

controls 

3.47 

2.69 

1.34 

1.13 

2.61 

2.38 

4 weeks exposed 

3.12 

3.36 

1.07 

• 1.26 

2.93 

2.66 

controls 

2.08 

2.67 

0.97 

1.38 

2.15 

1.94 

4 weeks confined 

3.10 

1.81 

1.24 

0.81 . 

2.51 

2.25 

controls 

2.12 

1.96 

0.73 

0.99 

’ 3.02 

1.98 


expressed as y Moles esterified/mg protein/20 minutes 
expressed as y AO/mg protein/20 minutes 
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Table D. VIII 


T/ie oi continaoLU) zxpo&uAt to HaZon 1301 on b/i<Un 

mltochondAZa o^ ^at&. 


2 weeks exposed 
controls 


Oxidative Inspiration P/O 

phosphorylation^' 


Females 

Males 

Females 

Males 

Females 

Males 

1.30 

1.28 

0.93‘ 

0.81 

1.38 

1.61 

1.56 

0.63 

0.97 

0.63 

1.61 

1.01 


2 weeks confined 0.49 

controls 0.59 


0.67 

0.63 


0.37 

0.25 


0.36 

0.30 


1.33 

2.32 


1.80 

2.08 


4 weeks exposed 
controls ' 


1.24 

1.22 


0.53 

0.39 


2.36 

3.23 


4 weeks confined 1.07 

controls 1 . 36 


1.49 

1.95 


0.52 

0.43 


0.61 

0.61 


2.04 

3.15 


2.44 

3.71 


expressed as U Moles esterif ied/mg protein/20- minutes 
expressed as p AO/mg protein/20 minutes 
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Table D, IX 


zi(^Q.cX OjJ continubdi zxpoiufiz tc Haton 1301 on kidnzy 
mitochoncOUa oj A.ati. 


• h 

Oxidative Respiration P/0 

• phosphorylation^ • 



Females 

Males 

Females 

Males 

Females 

Males 

2 weeks exposed 

1.35 

0.57 

1.80 

0.91 • 

0.85 

0.63 

controls 

" 0.96 

0.57 

1.70 

0.92 

0.57 

0.62 

2 weeks confined 

3.90 

3.26 

1.72 • 

1.87 

2.27 

1.74 

controls 

3.68 

2.35 

1.92 

1.41 

1.90 

1.67 

4 weeks exposed 

4.01 

2.22 

2.45 

1.80 

1.64 

1.23 

controls _ 

. 3.99 

2.66 

2.37 

2.08 

1.68 

1.28 

4 weeks confined 

1.50 

1.62 

1.59 

1.59 

0.94 

1.02 

controls 

2.03 

1.42 

1.77 

1.58 

1.15 

0.90 


expressed as y Moles esterified/mg protein/20 loimxtes 
expressed as y AP/mg protein /20 minutes 
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Table D. X 


The eiiect oi continuous exposuKe to Haion 1301 on kidney 


mltochondnlja. o j Aots, OxypAoph measioiements . 



ADP/0 





Females . Males 

Females 

Males 

4 weeks exposed 

1.44 

1.58 

2.52 

2.10 

controls 

1,33 

1.66 

2.47 

2.23 

4 weeks confined 

1.38 

1.55 

1.92 

2.37 

controls 

1.47 

1.89 

2.29 

2;22 


State 3 respiration/state 4 respiration 
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Table D, XI 

Thz zii^cX. oi continuous zxposuAZ to Haton 1301 on livcfc mitochondnXxL oi 
' sots. Assessments with tfuezz substrates. 


• 

succinate ^ 
ADP/0 3/4 

a-ketoglutarate 
ADP/O 3/4 

3-hydroxybutyrate 
ADP/0 3/4 

2 week exposed females 

1.56 

4.14 

2.80 

3.70 

2.17 

3.48 

control females 

1.55 

4.06 

2.29 

3.31 

2.31 

4.20 

2 week exposed males 

1.79 

3.91 

2.26 

4.05 

2.20 

3.48 

control males 

1.67 

2.93 

2.28 

3.66 

2.24 

3.32 

2 week confined females 

2.14 

3.80 

3.16 

3.04 

2.26 

3.42 

control females 

1.85 

3.76 

3.12 

3.93 

2.94 

3.39 

2 week confined males 

1.70 

3.15 

2.32 

2.43 

2.12 

2.10 

control males 

1.84 

4.62 

.2.77 

2.62 

2.65 

4.31 

4 week exposed females 

1.75 

4.49 

2.85 

3.52 

2.46 

3.26 

control females 

1.65 

4.39 

2.70 

3.37 

2.59 

4.17 

r' 

\ ■ 


... 





4 week exposed males 

1.98 

4.28 

3.38 

5.05 

2.98 

4.81 

control males 

1.84 

4.16 

3.24 

4.56 . 

3.02 

4.85 

4 week confined females 

1.70 

3.76 

■ 2.85 ' ■ 

2.91 

2.55 

2.92 

control females 

) ' 

1.75 

3.91 

-2.86 

2.70 

2.62 

2.80 

■ ' • 

4 week confined males 

2.08 

4.16 

3.34 

3.09 

3.28 

3.74 

control males 

2.08 

4.04 

3.19 

2.94 

3.46 

3.80 


state 3 resplratlon/atate 4 respiration. 
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Table D. XII 


T^e 0 (J HdZon 1301 on mltochond^at yUtte.gA.iXif a& mzaiaA.ed 

bif Xhe ^meXAgbltitif and 6ubieQaenX oxidation of^ hlAVH. 

respiration + NADH*^ 
respiration - NADH 

Heart Lung Brals Kidney Liver 

4 week exposed 


.. females 

23/3-7.67 

2/2-1 

- — - 

23/2=11.5 

12/6-2 

males 

159 /0-« 



5/5-1 

24/1=24 

10/10-1 

controls 






females 

29/3-9.67 

5/5-1 



20/3-6.67 

15/15-1 

males 

87/5-17.4 

- - - 

6/6-1 

14/0“* 

12/10-1.2 

A week confined 






females 

69/3-23 

2/2=1 

7/7-1 

43/5=8.6 



males 

79/6=13.2 

5/5=1 

10/10=1 

8 

N 

O 

12/12-1 

controls 






females 

74/5-14.8 

3/3=1 

7/7-1 




males 

56/6=9.33 

5/5=1 

in^i 

23/7=3.28 

12/12-1 

^ expressed as yAO/mln/mg protein X 

10' 
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Table D. XIII 

mcAO^omal tnzymz activltiz6 in tLvzJi jloU exposed continaouily 
to Haton 1501, 


- 

exposed 

controls 

Demechylase^ 

• , 


- 

2 week females 

12.25 ± 3.45 

9.82 ± 

2.87 

males 

12.07 ± 3.09 

11.72 ± 

2.41 

A week females 

10.77 ± 1.49 

7.03 ± 

2.02 

males 

12.41 ± 1.32 . 

10.20 ± 

1.32 

4-OH Biphenylhydroxylase 




2 week females 

0.402 ± ..057 

0.273 ± 

.023 

males 

0.084 ±(;.027 

0.094 ± 

.011 

4 week females 

0.788 ±r,.096 

I 

0.482 ± 

.073 

males 

0.847 ±0.184 

0.630 ± 

.078 

2-OH Biphenylhydroxylase 




2 week females 

0.253 ± >.066 

0.113 ± 

.020 

males 

0.153 ± .023 

0.158 ± 

.028 

4 week females 

0.387 ± .036 

0.174‘± 

.049 

males 

0.379 ± .066 

0.169 ± 

.033 

^ Ug Ca/20 mln/100 mg liver 




^ U Moles/hl/g liver 
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Table D. XIV 


UicAOiomaZ enzt/rne activltiu -61 JUveJt inam con^intd to tkz 

exfiO^iJAZ chcunbeJi, 



confined 

•controls 

Demethylase^ 

2 week females 

9.81 ± 1.04 

6.90 

males 

12.41 ± 2.47 

11.22 

5 week females 

6.64 ± 1.40 

5.03 

males . 

t 

10.51 ± 1.98 

11.39 

6 

4-OH Biphenylhydroxylase 

2 week females 

■ 0.993 ± .129 

0.654 

males 

0.539 ± .057 

0.368 

5 week females 

0.245 ± .036 

0.226 

males 

0.229 ± .047 

0.260 

2-OH Biphenylhydroxylase 



.2 week females 

0.218 ± .031 

0.231 

males 

0.i96 ± .052 

0.187 

5 week females 

0.474 ± .084 

0.392 

’ males 

0.258 ± .060 

0.236 


^ yg Ca/20 mln/100 mg liver 
^ y Holes/hi/g liver 
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Table D. XV 


E^^zct oi fAcon C-318 on h^oAt mLt6ch.ondAA.aZ 
Ac&pZAxitCon and oxZdativc pkoAphoAyZatZon, ^ 


Weeks of 
exposure 

Controls 



Exposed 


Oxidative 

phosphorylation Respiration 

P/0; , 

Oxidative 

phosphorylation Respiration P/0 

2 

2.04 

1.54 

1.330 

1.06 

1.75 

0.607 

• 

1.38 

1.52 

0.909 

2.05 

1.88 

1.090 

4 

2.22 

2.46 

0.899 

1.20 

1.90 

0.631 


2.44 

2.68 

0.907 

1.45 

1.90 

0.764 

6 

2.51 

1.87 

1.340 

1.76 

1.90 

0.929 


2.09 

1.88 

1.120 

1,58 

1.91 

0.828 


' The data are expressed as follows: oxidative phosphorylation, 

yMoles Pj. esterified/mg protein; respiration, yAO consumed/mg protein. 


Table D. XVI 


E^^tcX. ofj FKzon C-318 on fUdmy mCtochondfuaZ 
Kdbplnojtion and ox^datcvz pho^pkofiytatLon, ^ 


Weeks of 
exposure 

« 

Controls 


Exposed 


Oxidative 

phosphorylation 

Respiration 

P/0 

Oxidative 

phosphorylation 

Respiration 

P/0 

2 

0.282 

1.640 

0.172 

2.610 

2.31 

1,130 


0.677 

1.750 

0.387 

2.310 

2.35 

0.983 

A 

0.598 

1.000 

0.595 

0.706 

1.23 

0.574 

!■ 

0.660 

0.997 

0.661 

0.599 

1.16 

0.517 

6 

0.784 

1.340 

0.588 

1.070 

1.30 

0.823 


0.892 

1.330 

0.670 

0.945 

1.25 

0.755 


* The data are expressed as follows: oxidative phosphorylation, 

yMoles Pi esterified/mg protein; respiration, yAO consumed/mg protein. 
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Table D. XVII 


ojJ Bteon C-37^ on bfuUn mltockondAlaZ. 
AQApificLtlon and oXjidautoJZ pkospho Ablation, ^ 


Controls ' ’ ' • . ' ' ' Exposed 

Weeks of Oxidative Oxidative 

exposure phosphorylation Respiration P/0 phosphorylation Respiration P/0 


2 

0.687 

0.570 

l.'^O 

0.530 

0.482 

1.10 


0.731 

0.581 

1.26 

0.859 

0.523 

1.64 

4 

0.435 

0.309 

1.41 

1.190 

0.701 

1.69 


0.395 

0.307 

1.29 

1.190 

0.714 

1.66 

6 

0.702 

0.474 

1.48 

0.835 

0.445 

1.88 


0.702 

0.566 

1.24 

0.663 

0.445 

1.49 


^ The data are 

expressed as 

follows : 

oxidative phosphorylation. 



pMoles Pi ester if led /mg protein; respiration, pAO consumed/mg protein. 
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Table D. XVII ^ 


E^^cct 0(J FAeon C-3J8 on AVF'-dependent Atip-OuJutCon 
and AUpinjcutoAij oontAat Zn IZveA tnUochoncOUa,^ 


Weeks of 
exposure 



Controls 




• 

Exposed 



Succinate 

a-kg 

3-oxy 

Succinate 

a-kg 

3-oxy 

ADP/O 

3/4 

ADP/O 

.3M 

ADP/O 

3/4 ; 

ADP/O 

3/4 

ADP/O 

3/4 

ADP/O 

3/4 

2 

■1.43 

3.21 

2.07 

2.75 

1.97 

2.74 

1.56 • 

3.35 

2.41 

3.40 

2.10 

3.40 

4 

1.44 

3.25 

2,19 

3.01 

2.03 

3.26 

1.50 

2.88 

2.26 

3.27 

2.16 

2.70 

6 

1.32 

2.43. 

2.16 

2.98 

2.10 

3.02 

1.45 

2.57 

2.48 

3.60 

. 2.20 

3.40 


^ The data are expressed as follows: ADP/O, pMoles ADP/yAO; 

3/A, state 3(electron transport limited) /state 4 (ADP limited); 

the substrates are succinate (not abbreviated) , a-kg (a-ketoglutarate) 

and 3-oxy (3-hydroxybutyrate) , 


i 
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Table D. XIX 


oi F/ieon C-3/S on tlvoA. 
micAOiomal blpkznyt hydAoxyZoAe., ^ 


• ' 

. 

. 


Weeks of 
exposure 

Controls 

Exposed 


2 

0.888 

0.763 

* 


0.865 

0.7A0 


4 

1.170 

0.880 



1.150 

• 0.880 


6 

1.180 

0.988 


• 

1.180 

0.988 

• 


^ The data are expressed as pMoles of 4-OH 
biphenyl produced per hour per gram of 
fresh liver. 




ji 
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Table D. XX 


Dacic Osmotic Fragility Method 
% Hemolysis measured as OD at 545 mu of Supernatant 


Salt Control Vehicle Freon 2402 in 12% 2-ethoxyethanol/ethanol 

cone. 12% I % Hemolysis measured as OD at 545 mu (Sup.) 

% 2-ethoxycthanol/ 


i 


ethanol 

2 mM 

l.mM 

0.2 tH 

0.1 mH 

0.02 bM 

0,85 

0 

0 

0 

0 

0 

0 

0 

0.75 

0,29 

2,2 

0.12 

-0.31 

0.23 

0.1 

-0.56 

0.65 

-0.48 

0.67 

0,23 

-0.20 

0*57 

0.3 

-0,45 

0,60 

0 

-0.56 

0,70 

0.41 

0.57 

0,1 

-0.23 

0.55 

0.48 

0,44 

0.23 

0.20 

1.85 

0.1 

—0 ,45 

0.50 

1,44 

1.8 . 

0.94 

0,62 

1.94 

1.3 

0.45 

0.45 

34 

29 

7.7 

14 

29 

28 

•25 

0.40 

81 

80 

72. 

70 

76 

76 

73 

0.35 

85 

83 

73 

74 

79 

78 

76 

0,30 

87 

96 

96 

90 

96 

95 

92 

0.20 

100 

97 

102 

97 

94 

100 

97 

0.10 

100 

100 

100 

100 

100 

100 

100 


Table D« XXI 


Thz Haion 2402 Xnhatation (4.31 10 on 

/ Azd blood cM irngitity* 


NaCl 

concn (%) 

% Hemoglobin released 


Control 

rats 

Exposed 

rats 

0,85 

0 

0 

0.75 

0 

0 

0.65 

0 

0 

0.60 

0 

0 

0.55 

0.8 

1.1 

0.50 

2.7 

2.7 

O.A^^ 

7.2 

11.7 

0.40 

53 

65 

0.35 

77 

89 

0.30 

89 

93 

0.20 

96 

98 


* Determined by the method of Dade (Hiale, 1967) 
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I 


1 


t 
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Table D. XXII 


Osmotic. oi wy^Juiocytm, (J-wm /uUi txpo6zd to Halon 

1301 ^ofi 1 weefe. 



Rat 

No. 

% hemolysis In indicated 
0.55 0.50. 0.45 

salt concentration 
0.40 0.35 0.30 

0.20 

Controls 

IE 

0 

1.0 

.46.0 

97.0 

99.5 

100 

100 


2E 

0 

. 0 

7.2 

74.9 

97.6 

100 

100 


3E 

0 

1.0 

17.8 

83.9 

98.0 

99.5 

100 


4E 

0 

3.8 

38.8 

96.2 

99.4 

100 

100 


• ' 5E 

0 

0 

32.0 

92.2 

98.8 

99.8 

100 


' 26E 

0 

0.5 

24.1 

89.4 

100 

100 ■ 

100 


27E 

0 

0 

19.9 

85.8 

99.7 

100 

100 


28E 

0 

3.0 

9.0 

63.8 

97.0 

99.8 

100 


29E 

0 

1.0 

7.0 

80.2 

97.8 

99.9 

99.9 


Mean 

0 

1.1 

22.4 

84.8 

98.6 

99.9 

100 

Exposed 

19E 

,^o ■ 

0 

3.8 

66.0 

95.9 

99.0 

100 


22E 

0 

0 

10.8 

83.2 

97.8 

98.0 

100 

_ 

23E 

0 

0 

6.0 

75.0 . 

95.8 

98.0 

100 


25E 

0 

2.0 

10.0 

81.0 , 

97.8 

99.5 

100 

42E 

0 

0 

4.0 

80.2 

99.0 

100 

100 

44E 

0 

0 

12.2 

91.0 

99.5 

lOO 

100 

46E 

0 

0 

8.4 

. 78.1 

97.8 

99.5 

100 

48E 

0 

0.8 

22.1 

89.1 

98.8 

99.9 

100 

Mean 

0 

0.4 

9.7 

80.5 

97.8 

99.2 

100 
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Table D, XXIII 

Osmotic iKagilUy oi (ifujthwc.ytu ^nom xati txpoizd to HaZon 1301 
loK 1 month, ’ 


Rat % hemolysis in Indicated salt concentration 



No. 

0.55 

0.50 

0.45 

0.40 

0.35 

0.30 

0.20 

Controls 

IE 

0 

3.0 

23.5 

91.0 

100 

100 

100 


2E 

0 

0 

18.0 

84.0 

99.8 

100 

100 


3E 

0 

0 

23.8 

95.0 

100 

100 

100 


5E 

0 

0 

16.8 

83.0 

86.8 

100 

• 100 

• 

26E 

0 

0 

1.5 

63.6 

95.2 

99.1 

99.5 


27E 

0 

0 

1.0 

46.0 

64.2 

100 

100 


28E 

0 

P 

6.0 

78.0 

98.0 

99.6 

100 


29E . 

0 

0 

0 

45.9 

94.1 

99.5 

100 


30E 

0 

0:2 

0.6 

48.0 

91.2 

99.0 

100 


Mean 

0 

0.4 

10.1 

70.5 

92.1 

99.7 

99.9 

Exposed 

' ' llE 

0 

0 

16.8 

83.0 

• 86.8 

100 

100 


14E 

\ 

0 

0 

18.2 

81.8 

99.7 

100 

100 

- 

15E 

0 

0 

7.2 

70.8 

96.8 

99.7 

100 


17E 

0 

0 

• 16.8 

86.5 

- - 

100 

100 


24E 

0 

0.2 

33.1 

93.4 

99.1 

99.8 

100 


34E 

0 

4.8 

54.2 

95.2 

99.2 

100 

100 


41E 

0 

0 

39.0 

94.0 

99.8 

100 

100 

■ 

45E 

0 

8.8 

63.9 

96.1 

100 

100 

100 

- 

47E 

0 

0 

0 

57.9 

95.0 

99.1 

100 

- 

50E 

0 

0 

0 

72.5 

96.8 

99.1 

100 


Mean 

0 

1.4 

24.9 

83.1 

97.0 

99.8 

100 
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Table D, XXIV 


Olmotic ^fiagltcty eAythfwcytJU ifwm ftat& ajn^Zntd to expoAoAe 
dumbejL (no haZocoAbon) ^o/l 1 month. ' 

Rat % hemolysis in Indicated salt concentration 



No. 

0.55 

0.50 

0.A5 

O.AO 

0.35 

0.30 

0.20 

Controls 

1C 

0 

0 

9.5 

99.5 

100 

100 

100 


2C 

0 

0 

72.8 

93.8 

100 

100 

100 


3C 

0 

6. A 

58.2 

90.0 

100 

100 

lOQ 


AC 

0 

0 

•• A6.0 

■ 85.5 

99.0 

100 

100 


5C 

0 

13.7 

66.2 

90.8 

99.3 

100 

100 


46C 

0 

0 

18.2 

86.8 

99.0 

100 

100 


A7C 

0 

0 

16.0 

7A.6 

96.2 

98.2 

100 


A9C 

0 

2.8 

36.6 

88.8 . 

98.2 

100 

100 


50C 

0 

0 

10.1 

76.8 

99.5 

100 

100 


Mean 

0 

2.5 

37.1 . 

87. A 

99.0 

99.8 

100 

Confined 

23C 

0 

0 

22.7 

94. A 

f 

98.5 

100 

100 


25C 

0 

0 

6.8 

96.3 

99.2 

100 

100 


26C 

0 

0 

6.0 

89. A 

98.6 

100 

100 


30C 

0 

0 

A.O 

16.8 

91.0 

98.5 

100 


32C 

0 

0 

33.5 

85.5 

97.7 

100 

100 

61C 

0 

0 

11.0 

87.0 

98.0 

99.0 

100 

62C 

0 

0 

8.6 

83.6 

98.0 

99.5 

100 

65C 

0 

0 

25.0 

88.2 

96.8 

100 

100 

66C 

0 

2.2 

13.5 

80.6 

87.1 

98.8 

100 

76C* 

0 

0 

5.0 

65.8 

94. 8 

100 

100 

Mean 

0 

.2 

13.6 

78.8 

96.0 

99.6 

100 


80 





i. 


J 


i 


1 





Table D. XXV 

Oxygon and Vko.on 116 Concentnatloni Zn thz Glove. Bag 
ContaZnlng AVl, AOL-Nlt/wge.n oK AOc-F/izon hUxtuAOJt 



Gas 



1 

hour 



10 day 



Measured 



study 



study 


Concent rations 








Group 

in % 

Males 

Females 

Males 


Air Only 

Of 

19.5 

+ 

0.6 

19.4 

+ 

0.9 

19.2 ± 

1.0 

Air-N„ 

2 

02 

16.0 

+ 

1.4 

16.1 

+ 

0.9 


— 

Air-Freon 

0, 

16.8 

+ 

0.3 

17.2 

+ 

0.4 

17.9 ± 

1.2 

(116) 










Air-Freon 

Freon^ 

23.2 


2.6 

22.1 

+ 

2‘.5 

25.1 ± 

3.6 


(116) 



” llcan ± S.B of A determinations (includes both trjpJs) 
^ Mean ± S.D of 6 determinations (includes both trials) 
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Table D. XXVIII 


Induction Time, in CkcUita RiveA Mi.cz. a^tzA 
SO mg /kg dcxoboAbitaZ i,p. 





One Hour Study 


10 dav .qttidv 



Mean induction time ± S.] 

D. (min) 




Group 

. 

Male 

Female 


Male 



Air Only 

Exp. 1 

(10)“ 

1.9 ±0.7 

(9) 2.4 ± 

0.9 

(10) 3.4 


0.9 

Exp. 2 

(8) 

4.4 ± 2.2 

(10) 2.4 ± 

0.5 

(10) 3.2 

+ 

1.2 

Total 

(18) 

3.0 ± 2.0 

(19) 2.4 ± 

0.7 

(20) 3.3 

+ 

1.0 

b 

Alr-Nj 

Exp. i 

(10) 

2.4 ± 0.9 

(10) 2.3 ± 

1.1 

— 

- 


Exp. 2 

(10): 

2.3 ± 0.4 

(1.9) 2.9 ± 

1.6 

— 

- 


Total 

(20) 

2.3 ± 0.7 

(19) 2.6 ± 

1.4 

— 

- 


C 

Air-Freon 
Exp. 1 

. (8): 

2.3 ± 0.4 

(9)2.8 ± 

• A 

1.4 

(10) 2.8 

+ 

0.7 

Exp. 2 

(10) 

2.4 ± 0.9 

(10) 2.6 ± 

1.0 

(10) 2.5 

+ 

0.4 

Total 

(18) 

2.3 ± 0.7 

(19) 2.7 ± 

1.2 

(20) 2.7 

± 

0.6 

^ Value in 
^ See Table 

parenthesis indicates 
1 for parameters. 

number of mice 

per group. 





^ See Table 1 and 2 for parameters. 
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Table D. XXIX 


LORRT yin ChcUiZeA PXveA Uice. iO mg/kg HzxobaAb-itaZ Z.p. 




* 


One 

Hour Study 

_10 dav studv 

Mean LORRT ± S.D, (min) 

Group 


Male 



Female 

Male 

Air Only 







Exp . 1 

(10)^ 

31.2 

+ 

12.1 

(9) 26.5 ± 9.1 

(10) 29.0 ± 8.7 

Exp . 2 

(8) 

21.6 

+ 

8.7 

(10):* 20. 8 ±8.9 

(10) 32.9 ±12.3 

Total 

(18) 

26.9 

+ 

11.5 

(19) 23.5 ± 9.2 

(20) 30.9 ±10.6 

Air-N^'’ 







Exp. 1 

(10) 

31.5 

+ 

7.0 

(10) 29.1 ± 8.9' 



Exp. 2 

(10) 

22.1 

+ 

8.4 

(9) 21.9 ± 8.0 

— 

Total 

(20) 

26.8 

i 

8.9 

(.19) 25.7 ±9.1 

. 

Alr-Erean*^ 







Exp . 1 

(8) 

21.7 

i 

4.4 

(9) 18.6 ± 9.6 

(10) 20.2 ± 6.5 

Exp. 2 

(10) 

22.4 

± 

10.3 

(10) 29.4 ±9.8 

(10) 35.2 ± 4.2 

Total 

(18) 

22.1 


8.0 

(19) 24.3 ± 11.0 

(20) 27.7 ± 9.4 


^ Value in parenthesis indicates number of mice per group. 
^ See Table 1 for parameters. 

^ See Table 1 and 2 for parameters. 
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Table D. XXX 

HaZothanz Conc.etvtAationi» Zn lioZatzd Mooie LiveA NucleX. 
cu> CL Function Kepzatcd Su6pen4<con and CcntAi^ugatton 




* Mean of three s^aisnples 




V } 
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Table D. XXXI 

HaZotkanz ConcmtAotcon in LivzA. f^uclzi oi Mice 
Expo6zd to 1% Hatothanz ^oA. Onz HouA. 


Halothane extracted from nuclear pellet* 

Time after end ’ ‘ ' ' (g x 10~^^) ' 

of exposure (hr) 

Freshly-exposed** Pre-exposed** 

0 5.73 12.52 

1 1.64 1.05 


* Nuclear pellet resuspended in sucrose (2.4 M) and separated by centri- 
fugation. 

Mean values for nuclei isolated from the livers of two mice. 

** Freshly-exi)osed mice were untreated prior to the experiment. Pre-exposed 
had been exposed to 1% halothane gas 1 hr/day, 5 days/week for 16 days. 
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Table D. XXXII 


The eliect6 expoiafie mice to hatotham vapo^* on fielcUUve JUvqa iMeigkt and the 
tneo^poAotion o^ tabetled tkijmidtne tnto ZtveA. nucteoA VMA 



Expt. 

no. 

• 

Halothane 

concn. 

(% by vol, in air) 

Body 

wt. 

(g) 

Liver 

wt. 

(g) 

Relative 
liver wt. 
(g./lOOg) 

Specific 

activity 

(DPM/yg DNA 1 S.E.) 


1 

0 

27.0 

1.54 

5.70^0.14 

4.14^0.55 



1.0 

28.0 

1.96 

7.00^0.40** 

3.74^0.16 


2 

0 

27.7 

1.69 

6.09-0.17 

lost 

09 









1.0 

24.6 

1.88 

7.64-0.35** 

lost 


3 

0 

28.2 

1.53 

5.42^0.17 

5.47-1.45 



1.0 

23.0 

1.83 

7.97-0.09** 

5.96-2.07 


* Halothane exposures: 1 hr per day, 5 days a week, for 2 weeks. 


Four mice per group, pretreated with labelled thymidine 2 hr before sacrifice. 
** Significantly different from controls (P<0.05 by Student's t test) 


Table D. XXXIII 


Tht zxpo^uAe. fiati to haZothant vapoA.* on fidiaXbjiL tivtfL LOeZght and tncoKpofiation 

o{ iabeZizd tkipvidinii Into tivoA nucIzoA VNA, 


Expr, 

no. 

Halothane 
conen . 

(% by vol. In 
air) 

No. 

of 

rats 

Pretreatment 

period** 

(hr) 

Body 

wt. 

(8) 

Liver 

wt. 

(8) 

Relative 
liver wt, 
(g./lOO g.) 

Specific activity 
(DPM/pg DNA i S.E.) 

1 

0 

4 

2 

151 

8.29 

5.49 

1.02-0.24 


0 

4 

24 

158 

7.93 

5.02 

0.72-0.26 


0.5 

4 

2 

166 

6.34 

3.82 

1.26-0.54 


0.5 

4 

24 

i33 

7.32 

5.50 

0.64^0, 16 

2 

0 

4 

2 

127 

5.78 

4.55 

1.74^0.64 


0.5 

4 

2 

121 

5.93 

4,90 

3.28-0.76 

3 

0 

2 

2 

250 

13.0 

5.20 

4.52 


0 1 

(1 lost) 24 

. 255 

13.8 

5.41 

8.53 


0.5 

2 

2 

187 

16.0 

8.58'*' 

1.52 


0.5 

2 

24 

188 

17.9 

9.52”*“ 

1.10 


0 

4 

2 

130 

4.03 

3.10 

2.11^0.44 


' 1.0 

4 

2 

130 

4.00 

3.08 

1.77-0.21 


* Halothane cKposures: 1 hr per day, 5 days a week, for 2 weeks. 

*■* Duration of Incorporation of thymidine prior to sacrifice, 
f Significantly different from controls (P 0.05 by Student's t test). 


E, OTHER niOCHEMICAL STUDIES 


• SyntResig ' and Secretion of Protein in Lung Tissue 
Experiments were designed to study behavior of lung tissue at the 
cellular level and to ascertain its sensitivity to epinephrine following 
exposure to halocarbon chemicals, Tlie study involved pulse— labeling of 
excised lung tissue with, radioactive amino acid after the animal's 
exposure to a halocarbon. Secretion of protein was estimated by 
counting radioactive protein produced by the lung tissue. The method of 
Massaro, Weiss and Simon (Amer. Rev. Resp. Dis. 1Q1 ;198, 1970) was used. 

Lung slices studies by Massaro et , were composed primarily of cells lining 
alveolar sacs, and epinephrine acted in vitro to stimulate protein synthesis 
by these cells. Since these cells are the first to come into contact with 
vapors from halocarbon exposure, it was felt that the permeability of these 
cells and their organization might be affected by foreign materials which 
dissolve extensively in their membranes. To study the effect of halocarbon 
inhalation on the synthesis and secretion of protein in lung slices, therefore, 
30-min exposures were conducted and the tissues of exposed and unexposed animals, 
with and without added epinephrine, were compared. 

Male New Zealand rabbits (2 - 3 kg) were used for the exposure. Four 
animals were exposed to each of the halocarbons (Ilalons 2402, 1202, 1301, 
and Freons 113 and 116). For each exposure, one control rabbit was used. 

Following the 30-min exposure, the rabbits were removed and sacrificed 
by stunning. Lungs were immediately removed and immersed in iced saline 
solution. Duplicate weighed 2 - 3 ram slices from each animal were incubated 
for 30 min at 37“C in 3.0 ml of oxygenated Earle's balanced salt solution 
containing 1 yc of uniformly ^^C-labeled leucine (sp. act, 251 mc/m mole). 
Following pulse-labeling, the slices were removed, washed with cold Wayraouth 


50 
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,1 


1 1 

medium and placed in a vial containing 3.0 ml of oxygenated Waymouth medium. 

-5 

Epinephrine was added to the appropriate vials (7.0 x 10 M final concentration) 
and the vials were incubated for 15 min at 37“C. The contents of each vial 
was filtered and protein content of the filtrate determined by the method of 
Lowry, ejt al . (J. Biol. Chem. 193 :265, 1951). 

The results of protein estimation, counting and specific activity 
calculations are shown in Tables E-I through E-VI, Statistical treatment of 
this data in Tables E-VII - E-IX compares exposed animals with non-exposed, 
and epinephrine treated with un- treated. 

Protein measured by the Lowry procedure showed an increase in amount secreted, 
but only in one case (Halon 1202) was the P>0.05. For those slices not treated 
with epinephrine (E) only Halon 2402 produced a decrease in the rate of protein 
secretion. For epinephrine- treated slices. Freon 113 showed a significant 
increase in secretion. Protein secretion measured radiometrically indicated 
decrease; ?.n treated and non-treated slices following Halon 2402 exposure. 

Lowered specific activities reflected changes in either the rate of 

uptake or the rate of protein synthesis by the lung slices. The results of 

these experiments are shown in Tables E-X and E-XI. The effect of variation 
of pulse-labeling time are shown in Table E-X. The change with time of the 

14 

number of counts/min/g of lung was due to C leucine uptake and protein 

synthesis since secretion times were constant. The decrease observed in the 

chemically-measured protein could reflect either a deterioration in the protein 
synthesizing mechanism with time or loss of protein into the medium during 
labeling. 

In Table E-XI, protein secretion is compared after a constant pulse- 
labeling period but with a varying secretion incubation time. In this case 
both the chemically-measured and radiometrically-measured amounts of protein 
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increased with tinie. This is also reflected in a fairly constant specific 
activity. 

Tissue Levels of 5~HydrQxytryptamine 

It was felt that measurement of tissue levels of 5— hydroxy trypt amine 
Cserotonin) might disclose a response of tissues to exposure to halocarbons. 

Some of the physiological responses of animals during halocarbon intoxication 
were strongly suggestive of central nervous system effect and serotonin is 
postulated to function as a neurohumoral agent. Therefore, serotonin levels 
were estimated in blood, brain and lung tissues of rats following exposures 
to various halocarbons. The procedure of Bogdanski 0^. Pharmacol. Exp. Ther. 
117 :82, 1956) was used to make the measurements in blood, brain and lung of 
female Sprague-Dawley rats (100 - 15Q g) after 30-min exposures to either 
Halon 2402, Halon 1202, Halon 1301, Freon 113, or Freon 116. 

Serotonin was estimated spectrof luorometrically using a Farrand Mark I 
with, a Farrand 7-54 primary filter and a 3-73 secondary filter. Fluorescent 
intensities were compared with those of appropriate standards prepared from 
serotonin creatinine sulfate. 

Concentrations of serotonin in tissues from control animals (Table E-XII) 
and in tissues from exposed animals CTable E-Xlll) were compared. No significant 
ch-anges were observed in blood levels of serotonin. For brain levels, Halon 
2402 caused an increase and Freon 113 caused a decrease. Both were significant 
at the 0.05 level of probability. However, the absolute value of these levels 
is extremely low, and it is doubtful that there was any real difference. 

Serotonin levels in th.e lung were higher and permitted more accurate 
estimation. Halon 1202 caused a significant decrease in serotonin concentration 
while Freon 116 elicited an increase. 
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Table E. I 


VhoteJjfi Aynthuli and iacAetXdn in lung tUiuU f^Aom control rabbits 


Animal Protein (yg/g lung) Activity in lung (CPM/g) Specific activity (CP?y-ug protein) 

# No E* +E* No.E +E No E +E 


1 

2349 

1411 

3624 

1714 

1.54 

1.21 


2155 

4719 

1810 

3360 

0.84 

0.71 

2 

1932 

2989 

3092 

3505 

1.60 

1.17 


2539 

3028 

3740 

4005 

1.47 

1.32 

3 

1974 

2744 

2089 

2287 

1.06 

0.83 


2521 

4669 

1943 

3444 

0.77 

0.74 

4 

792 

3117 

3311 

4702 

4.18 

1.51 


4656 

5082 

4858 

6463 

1.04 

1.27 

5 

2183 

3277 

5457 

3541 

2.49 

1.08 


2747 

3659 

5137 

4654 

1.87 

1.27 

Mean 

2385 

3469 

350B 

3767 

1.69 

1.11 

S.D. 

±962 

±1105 

±1329 

±1324 

± 1.02 

±0.27 


* No E; without added epinephrine; +E: with added epinephrine 



Table E. II 


PADteXn SifnthzA-U and &zcA 2 tion Zn timg tU6uz Kabb-CU zxpoizd to Haton 2402, 4i by 
vo-timz ^OA 30 minatzA 


Animal 

1 

Protein 

(ilg/g lung) • 

Activity in lung (CPM/g) 

Specific activity (CPM/ug protein 

No E* 

+E* . .. 

No E 

+E 

No E 

+E 

1 

1084 

3924 

680 

1831 

0.65 

0.47 


857 

1599 

889 

487 

1.04 

0.30 

2 

1061 

2310 

719 

484 

0.68 

0.21 


1695 

2963 

817 

1324 

0.48 

0.45 

3 

1788 

3527 

1853 

1243 

1.04 

0.35 


1192 

3185 

1264 

1139 

1.06 

0.36 

4 

738 

4051 

1097 

1937 

1.49 

0.48 


346 

3325 

952 

1564 

2.75 

0.47 

Mean 

1091 

3111 

1034 

1250 

1.15 

0.31 

S.D. 

±478 

±821 

±383 

±545 

±0.72 

±0.10 


* No E; without added epinephrine; +E: with added epinephrine. 


Table E. HI 

PAoteXn 4i/ntht6Z6 and klcjlqXIoyi In lung tl6iue6 ^Aom AabblU exposed to Halo n 1301, 51 
bif volume ^oA 30 wtiwote^ 


Animal Protein (pr/r lung) 

No E* +E* 


Activity In lung (CPM/g) 
No E +E 


Specific activity (CPM/yig protein 
No E +E 


1 


2974 

4429 

471 ] 

5255 

1.58 

1.19 



2384 

3744 

3290 

5435 

1.38 

1.45 

2 


2853 

3744 

6756 

10534 

2.37 

2.79 



1567 

3209 

5772 

5404 

3.69 

1.68 

3 


2268 

5080 

2698 

3570 

1.19 

0.70 



4953 

5080 

3867 

3783 

0.78 

0.74 

4 


2869 

5066 

2111 

3372 

0.74 

0.66 


' 

2299 

4883 

1743 

2607 

0.76 

0.53 

Mean 


2271 

4404 

3868 

4982 

i .56 

1.22 

S.D.^ 


±992 

±745 

±1772 

±2445 

± 1.02 

± 0.76 


* No E: 


without added epinephrine; +E: with added epinephrine 


Table E, IV 

PAoteZn Ai/ntfieAZs and AecAetton in Zimg tCuae. {Aom A.abb.Ct& expo4e.cf to Halon 1202, 4% 
by vo-tume ^oa. 30 minuteJi 


Protein (tig/g lung) 
No E +E* 


Activity In lung (CPM/ g) 
No E +E 


Specific activity (CPM/yg protein) 
No E +E 


1 

3049 

3226 

2569 

2488 

0.84 

0.77 


3230 

4190 

5167 ■ 

2144 

1.66 

0.50 

2 

4878 

4110 

4615 

3020 

0.95 

0.73 


2542 

4086 

4167 

2227 

1.64 

0.67 

3 

2263 

4522 

3125 

3487 

1.38 

0.77 


3181 

4880 

3300 

3446 

1.04 

0.71 

4 

1471 

3801 

2763 

4347 

1.88 

1.14 


3689 

2764 

3175 

2169 

0.86 

0.78 

Mean 

3036 

3948 

3610 

2975 

1.27 

o'. 76 

S.D. 

±1013 

±681 

±931 

±761 

±0.40 

±0.18 


* No E: without added epinephrine; +E; with added epinephrine, 


Table E. V 


PAotzZn 4) tjntkeili and 4 zcAetion Zn lung tUmt f^hom AabbZts e'xpo6ed to PhJLon 116, Si 
by votmz ioH. 30 minutzs 


Animal 

# 

Protein (ug/g luns) 
No E* +E* 

Activity in lung'(CPM/g) 
No E +E 

Specific activity (CPM/yg protein 
No E +E 

1 

2349 

1411 

3624 

1714 

1.54 

1.21 


2155 

4719 

1810 

3360 

0.84 

0.71 

2 

1932 

2989 

3092 

3505 

1.60 

1.17 


2539 

3028 

3740 

4005 

1.47 

1.32 

3 

1974 

2744 

2089 

2287 

1.06 

0.83 


2521 

4669 

1943 

3444 

0.77 

0.74 


792 

3117 

3311 

4702 

4.18 

1.51 


4656 

5082 

4858 

6463 

1.04 

1.27 

5 

2183 

3277 

5457 

3541 

2.49 

1.08 

* 

2747 

3659 

5137 

4654 

1.87 

1.27 

Mean 

2385 

3469 

3506 

3767 

1.69 

1.11 

S.D. 

i962 

± 1105 

± 1329 

± 1324 

± 1.02 

tO.27 


* No E: without added epinephrine; +E; with added epinephrine. 




Table E. VI 


PAotCycn iyntheA^ and AzcAztion X.n Zimg tU6at nabbZti txpo^zd to fAzon 113, 4% 
by votumz ^oA 30 mlnatz6 


Animal 

Protein (vig/g lung) 
No E* +E* 

Activity in lung (CPM/ g) 
... No E ' +E 

Specific activity (CPM/yg protein 
No E +E 

1 

1887 

4483 

5419. 

3207 

2.87 

0.72 


1290 

4149 

5226 

3394 

4.05 

0.82 

2 

2395 

4545 

3669 

3151 

1.53 

0.69 


2915 

4851 

2901 

4944 

0.99 

1.02 

3 

985 

6766 

2500 

4977 

2.54 

0.74 


1643 

6595 

2690 

6365 

1.64 

0.97 


3308 

4323 

2646 

2199 

0.80 

0.51 


4073 

5412 

3399 

2776 

0.83 

0.51 

Mean 

2312 

'5141 

3556 

3876 

1.91 

0.75 

S.D. 

±1062 

±1025 

±1160 

±1402 

± 1.15 

±0.19 


* No Ei without added epinephrine; +E: with added epinephrine. 


i I I J 4 1 i i 

Table E* VII 

0 ^ expos uA.e. AobbZts to kaJLocoAbons on pfvoteln 
secAetton bu Zmg tissue {as_ detefmbied bif the lovifaf 
pnaceduAe ] . 


Inhalation 

■ ■ Amount of protein secreted 

(iig/s lung tissue) 

P 

exposure* 

No E** 

t 

+E 

value 

Control 
4% Ealon 

2385±962 

K. 

3469±1105 

<.05 

2402 

1091±478 

31111821 

<.01 


P <.01 

P <.5 


5% Halon 

1301 

277U992 
P <.5 

44041745 
P <.4 

<.01 

4% Ealon 

1202 

3036+1013 
P <.l 

39481681 
P <.l 

<.l 

5% Freon 

116 

3010±575 

407211109 

<.05 


P <.2 

P <.4 


4% Freon 




113 

231211062 

514111025 

<.01 


P <.9 

P <.01 



* All exposures were for 30 minutes 

** No E: without added epinephrine; +E: with added epinephrine. 
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Table E, VIII 

Biizct 0 ^ (Lxpo6UAZ 0 (J A.abbZts to haZocoAhon6 on pAoteXn 
6zcAetton by Zung tt66ue, 06 dzteAminzd by tkz ' ^uidiomejt/Uc 
p/ujcarfuAfc. 


Activity In lung (CPM/g) P 

Inhalation No E** +E value 

exposure* . , , , . , 


Control 

3506±1329 

3767±1324 

<.07 

4% Halon 
2402 

1034±383 
P <.01 

1250±545 
P <.01 

<.4 

5% Halon 
1301 

3868±1772 
P <.7 

4982±2445 
P <.2 

<.4 

4% Halon 

3610±931 

2975±761 

<.2 

1202 

P <.9 

P <*2 


5% Freon 
116 

4396±1470 
P <.2 

463411204 
P <.2 

<•8 

4% Freon 
113 

3556+1160 
P <*9 

387611402 
P <.9 

<.7 


* All exposures were for 30 minutes 

** No E: without added epinephrine; +E; with added epinephrine* 
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Table E. IX 


EUzcX. 0^ tx.poMUuL ofi HjabhiXi* to kaZoca^on on the, ^pect^c 
activity oi pfiotetn &ecAejtzd bif lung ti&&uz 


Inhalation 

exposure* 


Specific activity of secreted protein 
' (CPM/Us protein) ' 

No E** +E 


P 

value 


Control 

1.69+1.02 

1.1110.27 

<.l 

4% Halon 

1.15±0.72 

0.3110.10 

<.01 

2402 

P <.2 

P. <.01 


5% Halon 

1.56+1.02 

1.2210.76 

<.4 

1301 

P <.8 

P “ .4 


4% Halon 

1.2710.40 

0.7610.18 

<.01 

1202 

P <.3 

P <.01 


5% Freon 

1.5110.54 

1.1710.28 

<.l 

116 

P <.6 

P <.2 


42 Freon 

1.9111.15 

0.7510.19 

<.02 

113 

P * .6 

P <.01 



^ I * All exposures were for 30 minutes 

** No E: without added epinephrine; +E: with added epinephrine.* 


Table E. X 


« 


0 ^ puJUz-labztCng turn on thz mount o^ pfiotitn 
6ZCA.ztzd -in iung 6ticz6 ^fiom fLobbZt6 tAzutzd viitk Haton 
2402 . 


Treatment 

Pulse 

labeling 

time 

(min.) 

■ Amount of secreted protein 
yg protein/ g CPM/g 

lung * lung 

Sp. act. 

(CPM/yg protein) 

Control 

15 

2222 

1644 

0.74 


30 

1355 

3577 

2.64 


60 

546 

8974 

16.44 


120 

889 

9707 

10.92 


Control + 

15 

3250 

2740 

0.84 

added 

30 

2929 

5071 

1.73 

epinephrine 

60 

2972 

9401 

3.16 


120 

3374 

18630 

5.52 


4% Halon 

15 

1774 

1139 

0.64 

2402 

30 

1852 

2403 

1.30 

(30 min) 

60 

499 

6344 

12.71 


120 

122 

7220 

59.18 


4% Halon 

15 

2675 

1160 

0.43 

2402 + 

30 

1884 

2030 

1.08 

added 

60 

3846 

4757 

1.24 

epinephrine 

120 

4524 

12800 

2.83 


* Lowry procedure 
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Table E. XI 

Amount p/Lote^Ln AacAetzd ai tn^iuznczd by pexiod 
acttvz p/Lotetn iacAetion tn img ^fiom Hohblt& tfizjuttd 

v)ith HaZon 2402, 


Treatment 

Time 

(min.) 

■ Amount of secreted protein 
yg protein/g CPM/yg 

lung* lung 

Sp. act. 
(CPM/pg 
■protein) 

Control 

15 


2513 

1918 

0.76 


30 


3630 

2260 

0.62 


60 


3941 

3313 

0.84 


120 


8396 

8066 

0.96 

Control + 

15 


2581 

2145 

0.83 

added 

30 


4218 

1790 

0.42 

epinephrine 

60 


5836 

3568 

0.61 


120 


-~Sample Lost — 


4% Halon 

15 


2075 

830 

0.40 

2402 

30 


1756 

719 

0.41 

(30 min.) 

60 


3090 

1957 

0.63 


120 


6645 

2558 

0.38 

4% Halon 

15 


4158 

917 

0.22 

2402 + 

30 


3374 

1125 

0.33 

added 

60 


4298 

1474 

0.34 

epinephrine 

120 


6538 

2735 

0.42 


* Lowry procedure 
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Table E. XII 


SeAotonin {5~hyd^oxytKyptminz) IzvzZa -at 
cont/Lol not tU^ues 


Serotonin levels (ur/e) 
Blood Brain 

Lung 

1.5 

0.8 

(10.2) 

0.7 

0.8 

3.9 

1.7 

0.8 

2.4 

0.9 

0.5 

2.9 

1.1 

0.6 

4.9 

1.1 

0.5 

1.5 

0.4 

0.5 

4.4 

1.0 

0.7 

3.4 

1.4 

0.4 

3.9 


0.6 

4.1 


0.5 

4.4 


0.5 

4.3 


0.6 

4.6 

. 

0.5 

1.4 


0.5 

4.2 



4.3 



3.1 

1.1+0. 4* 

0.6±0.1 

4.0±1.2 


* Mean ± standard deviation 


Table E. XIII 


S^/Loton^n {5~kydfwxjiftnyptminz) IzvzJU Zn 
/uU6 zxpo6zd to \faAioai kaZocoAbom ^oA. 50 
minuter 


Concn. 

Halocarbon In air 



(by vol.) Serotonin levels 

(u r/r) 



Blood 

Brain 

Lun); 



1.1 

0.8 

2.1 



0.6 

0.7 

(10.2) 

Halon 

4.0Z 

0.8 

0.7 

2.9 

2402 


1.1 

0.7 

4.7 



1.0 

0.7 

4.7 


Mean ± S.D. 

C. 9+0.2 

0.710.1 

3.813.1 



1.1 

0.5 

1.0 



1.1 

0.5 

3.7 

Halon 

2.0% 

0.5 

0.6 

1.1 

1202 


1.1 

0.5 

3.3 



1.0 

0.5 

1.1 

• 

Mean ± S.D. 

1.0±0.3 

0.510.1 

2.011.3 



0.6 

0.6 

3.3 



1.1 

0.5 

5.3 

Halon 

5.0% 

1.0 

0.5 

4.9 

1301 


- 0.7 

0.5 

4.2 



0.6 

0.6 

2.7 


Mean ± S.D. 

0.8±0.2 

0.510.1 

4.111.2 



0.8 

0.5 

4.3 



0.6 

0.4 

1.5 

Freon 

4.0% 

1.3 

0.5 

7.8 

113 


0.5 

0.4 

3.9 



— 

0.4 

2.6 


Mean ± S.D. 

0. 8+0.4 

0.410.1 

5.712.4 


, 

0.4 

0.5 

8.6 



0.8 

0.5 

5.8 

Freon 

5.0% 

0.5 

0.4 

9.3 

116 


0.9 

0.6 

6.6 



1.0 

0.5 

6.8 


Mean ± S.D. 

0.7±0.3 

0.510.1 

7.411.5 


F. BEHAVIORAL EFFECTS 

During the first year of study, behavioral changes were noted during 
30-min exposures of rats and/or rabbits to Halon 2402, Halon 1202 and Freon 
113 at levels of 3-to-4% by volume. However, 30-min exposures of rabbits to 
Halon 1301 and Freon 116 elicited no such response. 

Since results of clinical observations, as well as many physiologic 
parameters were predominantly negative for Freon 116 and Halon 1301, they were 
selected for use in a behavioral task using a mature male rhesus monkey. 

This study, incorporating an instrumental task, was employed in an effort to 
detect subtle behavioral changes as a function of the fluorocarbon 
concentration. A chamber was designed to hold a single animal during the 
exposure with monitoring both by computer, which programmed the task and 
recorded each response, and by television to detect gross behavioral changes. 

No gross differences were noted; however, response data obtained suggested 
that for these two compounds, a differential effect upon certain behavioral 
components at reasonably high levels of concentration (35-to-50%) did occur. 

A general discussion of this study was included in an earlier report. Although 
the results were interesting, we are aware that more extensive testing would 
be necessary to corroborate these findings. 
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G. HISTOPATHOLOGIC FINDINGS 
Single, Acute Exposures 

Four groups of six female rats were sacrificed immediately after 30-min 
exposures to either Freon 116 (5% v/v), Freon C-318 (5% v/v), Halon 1301 
(5% v/v) or Halon 2A02 (4% v/v). The animals were killed by servical 
dislocation. All three body cavities were opened and the contents examined 
in situ . Heart, brain, lungs, liver, kidney and spleen were removed and fixed 
in buffered formaldehyde solution. Tissue samples were embedded in paraffin 
and stained with hematoxylin-eosin. Some frozen sections of liver were stained 
with an oil red 0 method. The results are summarized as follows; 

Respiratory syste m. There were no gross or microscopic changes in the 
trachea, bronchial tree and pulmonary parenchyma that could be attributed to 
inhalation exposure. 

Central Nervous System . A slight, foamy vacuolisation was found in the 
ground substance of the frontal area of the brain, indicating a slight degree 
of edema. The incidence was 4/6 for all compounds except Halon 1301. Samples 
were not taken at autopsy from the Halon 1301 animals. 

Heart . In one rat (Freon 116) some vacuolisation of the mycardial fibers 
was seen. Tlie cardiac muscle from all other animals were normal. 

Liver . No gross abnormalities were seen. Microscopically some degree of 
fatty infiltration was seen. 

Spleen and kidney . No gross or microscopic changes were noted in any 
animal. 

Freon 116 Multiple Exposures 

Twenty female rats were exposed to a concentration of 5% Freon 116 1 hr 
daily for 9 days. All animals were killed by cervical dislocation 48 hrs after 
the last exposure. Complete autopsies were performed and samples of heart. 
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trachea, lung, esopahgus, stomach, small and large intestines, liver, pancreas, 
kidney, urinary bladder, ovary, uterus, pituitary, thyroid, adrenal, spleen, 
thymus, bone marrow, cerebrum, cerebellum, eye and skeletal muscle were fixed 
in neutral buffered formaldehyde. Paraffin sections 6p thick, were stained 
with hematoxylin-eosin, and examined microscopically. 

All organs examined except brain, liver and lung were grossly and micro- 
scopically normal. For the lung, 10 of the 20 animals examined had slight 
edema surrounding middle-sized branches of the pulmonary veins. For the 
cerebrum, 12 rats showed a slight edema of the frontal lobe. For the liver, 

18 rats showed a slight vacuolation of the liver cells in the portal area. 

Freon 116 Long-term Exposure 

Following the 37-wk exposure of rats to Freon 116 ( 20 % v/v) , eight exposed 
males and six control males were sacrificed and five organs (heart, lung, kidney, 
liver and brain) processed and examined microscopically. 

All rats were sacrificed (ether inhalation) and immediately after death 
all body cavities were opened and the contents examined situ . Representative 
samples were fixed as previously described, and stained with H&E. 

All livers, hearts and central nervous system sections were grossly and 
microscopically normal. Various minimal to slight degrees of chronic murine 
pneumonia were fomd in almost all exposed and control animals. One case of 
focal vascular calcification was found in an exposed animal. For the kidneys, 
one case of moderate interstitial nephritis (control animal) was noted. Two 
exposed rats had a few optically empty cysts in the cortex and cor tico-me dullary 
border. An additional exposed rat had bilateral hydronephroses with thinning 
of the cortex and medulla. 

All morphological changes in the lungs and kidneys are known as spontaneous 
diseases in rats and could not be attributed to the exposure to Freon 116. 
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H. CARDIAC SENSITIZATION 

Various studies were conducted in order to determine the effect of 
halocarbon inhalation on the cardiovascular system. Guinea pigs, cats 
and dogs were used throughout the experiments to determine the ability of the 
compounds to sensitize the heart to infused or injected epinephrine. 

The six halocarbons selected for study were two Halons (1301 and 2402) 
and four Freons (11, 12, 116, and C-318). Results of the in vivo work are shown 
in the Appendix (Sensitization of the Heart to Catecholamine-Induced 
Arrhythmia and Studies of Sensitization of Cardiac Muscle to Epinephrine by 
Selected Halocarbon Compound) . 

In addition to the in vivo exposures, an in vitro study using Freon 11 
was conducted and the results presented in the Appendix (The Effects of 
Freon 11 and Certain Drugs on Isolated Auricles). 
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Halogenatcd hydrocarbons are widely used in industry with the 
fluorinated methanes and ethanes having found important uses as dielectrics, 
refrigerants, propellants, organic solvents and fire extinguishers and 
suppressants. These compounds (termed fluorocarbons ' since the properties 
are largely governed by the fluorine moiety) are commanding an increasing 
market in consumer products such as food toppings, hair sprays, deodorants, 
etc., from their use as propellants. Although our Interest in fluorocarbons is 
broadbased, our attention has largely been addressed to the study of 
candidate fire extinguishers and fire suppressants. The list of compounds 
we have investigated incorporates 11 different haldgenated hydrocarbons, 
including the anesthetic halothane (see Table 1) , but most of our attention 
has been directed to studies of bromotrifluoromethane (Halon 1301) and 
hexafluoroethane (Freon 116) . Some detailed attention has also been given 
to 1,2-dibromotetrafluoroethane (Halon 2402) , dichlorodifluoroe thane (Freon 
12) and octafluorocyclobutane (Freon C-318) . 

Exposure of animals by the route of "inhalation is important since 
the co55)ounds are either gasses or highly volatile liquids at ambient 
temperatures and pressure. This route of administration was chosen 
for the majority of our studies. Our investigations have Involved 
the use of three different types of inhalation exposure in laboratory 
animals. In the first, animals have been exposed for a single short period 
of time (a few minutes up to one hour) and the immediate effects of exposure 
assessed. Exposures of this type have been widely used in studies of effects 
on biochemical systems, pharmacologic effects and studies of metabolism and 
tissue distribution of the compounds. The results we have obtained in the 
single short~term exposures will be emphasized in this presentation. Other 
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investigations have employed the. use of multiple intermittent exposures and 
we are currently conducting studies in which animals were exposed continuously 
for periods up to 23 hours per day or longer in environmentally-controlled 

exposure chambers. 

% 

In deciding on the type of exposure to be employed in a given experiment 
we considered how humans would be exposed as a result of the intended use 
of the halocarbon. Bromine-containing fluorocarbons, such aS Halon 
.1301, are good fire extinguishers and have been studied from the standpoint 
that they will be used in situations resulting in brief exposures of humans. 

They have not received extensive study in continuous exposure situations. 

However, if such a compound were used in an enclosed atmosphere such as 

that of a spacecraft, it could remain as part of the atmosphere for an extended 

period and occupants of the vehicle would be in a continuous exposure situation. 

On the other hand, compounds such as Freon 116, which have been proposed 
for use as fire suppressants, might deliberately be incorporated into the 
spacecraft atmosphere resulting in continuous exposure of human beings. 

With regard to immediate toxic effects as judged by behavioral 
responses of laboratory animals during exposure, our studies have shown 
that animals appeared to tolerate well single as well as multiple exposures 
to Halon 1301, Freon 116 and Freon C-318, Halon 1301 and Freon 116 are 
both well-tolerated by rats and guinea pigs at atmospheric concentration 
as high as 20%, We have hot studied higher concentrations of these compounds 
in intact, unanesthetlsed animals. By contrast, laboratory animals arc 
less able to tolerate exposures to 5% concentrations of Halon 1202, Halon 
2402, or Freon 113. All three of these compounds caused convulsive movement 
in rabbits, and Halon 1202 caused violent convulsions and death in rats. 
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These observations are in accordance with the generally-accepted principle 
relating the chemical constitution with the toxicity of many of the fluoroalkanes 
. namely a lower toxicity is associated with an Increasing number of fluorine 
•atoms in the molecule (Clayton, 1966). The low order of toxicity in highly 
fluorinated alkanes is a reflect ior» of low-chemical reactivity and low- 
biological activity. Since one of the goals of our research is to select 
at least one compound suitable for controlled, continuous exposure in human 
volunteers, our more detailed investigations have centered largely around 
less toxic compounds . , ' 

One biological action of halocarbons which is well recognized is 
j " i the phenomenon of sensitization of the myocardium to epinephrine. Studies of 

these effects are extremely important and are covered in greater detail else- 
where in this symposium. Suffice it to say that we are including studies 
of cardiac sensitization in our general investigations on fluorocarbon toxicity 
' • and that our results are consistent with the findings of others in this area. 

■ Compounds containing chlorine such as the Freons 11 and 12, are among the 
most potent sensitizers investigated while the perfluorinated compounds, for 
example Freon. 116, are among the least active cardiac sensitizers, 
j ^ -- Because of the non-polar character and subsequent high degree of 

~ lipid solubility of the compounds under investigation, it is conceivable that 
they may exert effects on biological lipid membrane systems. In an investigation 
of this possibility, we directed some of our studies to the effects on 
mitochondrial function in tissues obtained from animals exposed to fluoro- 
carbons. Some of our early investigations suggested that exposure of rats 
to halogenated hydrocarbons may have some effect on respiration and oxidative 
phosphorylation In Isolated mitochondria. However, more thorough investigations 
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failed to substantiate any such effects. The results of studies of effects on 
oxygen consumption are shown in Figure 1. In these studies, mitochondrial 
functions were measured in animals which were sacrificed immediately following 
a single exposure to the halocarbon under the conditions shown in the Figure, 

It can be seen that, in general, the levels of oxygen consumption in mito- 
chondria from the exposed animals were within the range of control values 
obtained for each of the five tissues studied, A similar pattern of response 
' was seen for oxidative phosphorylation shown in Figure 2. There is, however, 
a suggestion of enhanced mitochondrial function, e.g., phosphorylation in 
I mitochondria from brain of animals exposed to Halon 1301, Freon 116 or Freon 

C-318. The effect, if real, more likely means that the compounds may have 
protected the mitochondria from uncoupling during isolation. Further investigation 
would be required to substantiate this observation. 

Preparation of mitochondria for assay of enzyme activities requires 
•homogenization and centrifugation techniques. These treatments certainly 
reduce, if not entirely eliminate, the content of gaseous halocarbons in 
these preparations. In an attempt to overcome these difficulties, an 
■ experiment was designed to expose isolated mitochondria Zn to the 

i } ■ . ■ 

-■ halocarbons. In order to accomplish this., the isolated mitochondria were 
placed in the respirometer, but the air in the respirometer was replaced 
with air containing 20% by volume of either Freon 12 or Halon 1301. Oxygen 
consumption was then measured with the instrument as usual, but during the 
actual exposure to the halocarbons. Studies carried out with liver 
and heart mitochondria did not demonstrate any changes in oxidation or 
phosphorylation. 

We have also examined mitochondrial function in animals exposed 
continuously to fluorocarbons. In an experiment involving exposure of rats 
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continuously to an average of 5.3% Halon 1301 for one month 

we also failed to demonstrate any decrement in mitochondrial function In 

heart, lung, brain, kidney or liver. 

V 

Although our efforts to date have not revealed strong Interactions 
between halocarbons and oxidative enzyme systems of mitochondria, work by 
others has demonstrated the formation of a cytochrome P-450 substrate 
complex with perfluoro-n-hexane (Ullrich and Diehl, 1971). The system 
used was a rat liver microsomal preparation. It was shown that perfluoro-a- 
hexane in contrast to n-hexane was not hydroxylated by the microsomal mono- 
oxygenase system but that the fluorocarbon formed an enzyme-substrate 
complex and stimulated NADPH oxidation. Hydrogen peroxide was not formed 
and it was concluded that the fluorocarbon acted as a typical dead-end 
inhibitor of the microsomal monooxygenase system and lead to the uncoupling 
of electron transport from monooxygenation. 

Any biological response to a fluorocarbon, whether it be sensiti- 
zation of the myocardium or any other manifestation of effect, requires 
transport of the agent to the primary site of action. • Assessment of this 
can be made through measurement of tissue levels. In our first such 
experiments, attempts were made to measure concentrations of the halocarbons 
in the tissues of animals immediately following exposure to the compounds. 
The results of such a study in which rats were exposed to Halon 2402 are 
shown in Table 2. In this experiment, the rats were exposed to 3.7% vapor 
concentration of Halon 2402 for 30 minutes. Immediately following the 
exposure, and at intervals thereafter, pairs of rats were sacrificed and 
tissue levels of Halon 2402 measured. Detectable concentrations of the 
compound were present in the animal even 24 hours after exposure. The 
increase of concentration of Halon 2402 in brain tissue and fat tissue 
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demons traces Chat the 30-minute exposure to the compound was not long 
enough to establish an equilibrium in the animals. The half-liffe of the 
compound in blood was less than one hour. 

One interesting aspect of this study concerned the relationship, 
or lack thereof, between levels of Halon 2402 in the brain and the CNS 
effects as evidenced by behavior. Although .behavior patterns returned to 
normal within 15 minutes after cessation of exposure, brain levels were 
apparently higher 1.5 hours after exposure and were significantly elevated 
even 3 hours after exposure. ' ■ 

Since blood is a readily accessible tissue, and may be obtained 
without sacrificing the animal, additional studies were made in blood to 
compare the absolute amount of halocarbon following exposure and the half-life 
in blood. The results of such a study with Halon 1301 are shown in Table 3. 

In this investigation, anesthetized rats were placed in the chamber and 
exposed to a vapor concentration of 5% Halon 1301 for 30 minutes. Levels 
of Halon 1301 were then determined in blood which had been obtained by 
heart puncture. These data show that the half-life of Halon 1301 is much 
less than the 30-minutes observed for Halon 2402. Accurate assessment of 
half-life from these data is not possible since the 0-time was actually a 
period 0.5 minutes to 1.5 minutes following removal of the animals from 
exposure since this amount of time was required to obtain the blood samples. 

It should be noted at this time that in order to obtain any 
meaningful results at all with a gaseous halocarbon, it was necessary to 
utilize methods representing a significant departure from our usual 
procedure. Whereas with the liquids, such as Halon 2402, solvent extraction 
techniques provided quantitative results, severe losses were observed when 
the techniques were applied to the gaseous halocarbons. In order to obtain 

\ 
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quantitative data with the gaseous compounds. It. was necessary to employ 
techniques involving head-space analysis. In these procedures, blood was 
withdrawn from the animals by techniques which did not allow the blood 
samples to come in contact with air. The sample was then transferred 
quantitatively to a small vial which was sealed with a septum. After a 
suitable period to allow equilibrium conditions to be obtained within the 
vial, the gaseous halocarbon was quantitatively determined in the air 
space within the vial itself. 

Previously we had withdrawn animals from exposure chamber, sacrificed 
them, and removed blood for analysis. In our studies with Halon 1301, using 
the improved head-space analysis technique, it soon became evident that 
more suitable approaches would be required in making meaningful estimations 
of blood levels of low boiling materials during the exposure of the animals. 

The data indicated that very rapid decreases in blood concentrations occurred 
during the first few minutes after cessation of exposure. The time required , 
to obtain the blood sample after the animal x-/as removed from the chamber 
was long enough, in relation to the half-life of the gasses in blood, to 
preclude accurate estimation of blood levels during exposure. In order 
to overcome these difficulties, a different type of procedure was followed. 

For these studies, Dutch-belted rabbits were chosen as the 
experimental animal since they were large enough to allow a sufficient 
number of blood samples to be obtained yet small enough for the static 
exposure chamber employed. The animals were anesthetized by means of 
intravenous administration of nembutal and the carotid artery was cannulated 
With polyethylene tubing. A tracheotomy was performed to prevent any 
possible obstruction of air way. The animal was placed in the exposure 
chamber and the chamber sealed with the arterial cannula leading to the 
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exterior. A blood sample was then withdrawn to establish the baseline 
condition. Halocarbon vapor was then admitted to the chamber in the desired 
concentration and blood samples were collected periodically during the exposure. 
Finally, the^ chamber was opened, effectively lowering the fluorocarbon concen- 
tration to zero, and blood samples were taken for several minutes thereafter. 
Halocarbon concentrations' were then determined in the blood- samples by the 
head-space analysis technique previously described. The results of two experiments 
one with Halon 1301 and the other with Freon 116, are shown in Figure 3. 

The study with Halon 1301 showed that blood levels as high as about 15 pg/g 
were encountered during exposure to 5% atmospheric concentrations of the 
halocarbon. Our previous work had indicated blood levels of- only about 
5 Pg/g immediately after exposure. The reason for this difference is apparent 
when one considers the rapidity with which blood levels followed changes in 
exposure conditions,- Within 30 seconds of the time the animals were removed 
from the chamber, the blood level dropped from 15 Pg/g to insignificant 
levels. This demonstrates the importance .of obtaining a blood sample during 
the actual exposure to the halocarbon and not a few moments afterwards. 

Events during the start of the exposure were not so straightfon/ard. Stabilized 
blood levels were not reached until about ten minutes after the start of 
the exposure. While it is conceivable that this period was required to 
establish an equilibrium condition within the animal, a more likely explanation 
is that the time was required to establish an equilibrium within the exposure 
chamber. Indeed, analysis of the air within the chamber at various points 
indicated that stable conditions were not achieved until after about 15 
minutes. Contrastingly, at the end of the experiment, the animal was removed 
from the chamber, and admitted Instantaneously to a stable (0 halocarbon 
concentration) atmosphere, ' 
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Data obtained during a similar exposure to Freon 116 at 5% showed 
less fluctuation during the initial stages of the exposure but more importantly 
demonstrated that the highest levels of this halocarbon reached in the blood 
of the animals during exposure was less than 1 pg/g. In fact, during 
exposure, the concentration ranged from 0.2 to 0.6 Pg/g. As in the case 
of Halon 1301, blood levels of Freon 116 decreased to unmeasurable levels 
within one or two minutes after the animals were removed from the exposure 
chamber. We have also demonstrated a rapid equilibration and short half-life 
in rabbit blood with the gaseous fluorocarbon Freon 12. The results of a 
study with this compound are shown in Figure 4. In this study a circulating 
fan was incorporated into the chamber to establish as rapidly as possible a 
stable exposure condition. A short half-life in blood also has been demon- 
strated for Freon 11 (Patterson, Sudlow and Walker, 1971), A half-life of 
0.5 to 1,5 minutes was measured in humans using pressurized aerosols of 
adrenergic bronchodilator drugs. 

Our laboratory is now undertaking studies of continuous exposure 
of laboratory animals to selected fluorocarbons, A 30-day exposure of rats 
to 5% Halon 1301 has recently been completed. In the study, the animals 
were exposed continuously for 23 hours each day in an- environmentally- 
controlled exposure chamber. The remaining time each day was used for 
maintenance and animal care within the chamber. Extensive studies failed 
to reveal effects on serum electrolytes or hemotologic parameters including 
erythrocyte fragility in the exposed animals. As indicated previously, 
mitochondrial function was not altered. 

Studies of blood did not reveal any accumulation of Halon 1301, 
as the material was apparently cleared from the continuously-exposed animals 
as rapidly as it was cleared from animals exposed only for a few minutes. 
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There was no elevation in the rate of excretion of- fluoride ion in the urine. 
There was some indication of elevated levels of liver enzymes although the 
results were not conclusive. Grossly, there was no pathology at autopsy 
and a thorough histological examination is. underway. We are currently conducting 
a- study in which rats are being exposed in a similar manner to 20% Freon 116, 

To summarize, we have investigated a number of conceivable biological 
effects of selected halogenated hydrocarbons in laboratory animals exposed 
briefly to the compounds. Similar studies are underway in continuously- 
exposed animals. With the exception of cardiac sensitization and within the 
limits of our exposure conditions, only minimal effects have been observed 
with the highly f luorinated compounds (Freon 116 and Halon 1301) . While 
these observations support the general concept of biological inactivity of 
highly f luorinated compounds, we still hesitate to apply the term "biologically 
inert". We plan studies employing procedures which, hopefully, will provide 
more sensitive probes into the biological action of fluorocarbons. 
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Table I. COMPOUNDS OF INTEREST 


A. Substituted methanes 


Halon, 1301 

Bromotrifluoromethane 

CBrFj 

Halon 1202 

Dibromodifluoromethane 

CBrgFz 

Freon 11 

Trichlorofluorome thane 

CCI 3 F 

Freon 12 

Dichlorodifluorome thane 

CCI2F2 

Substituted ethanes 



Freon 116 

Hexaf luoroethane 

CF 3 -CF 3 

Freon 115 

Chloropentafluoroethane 

CCIF 2 -CF 2 

Freon 114 

1,2-Dichlorotetraf luoroethane 

CCIF 2 -CCIF 2 

Halon 2402 

1,2-Dibroraotetraf luoroethane 

CBrF 2 -CBrF 2 

Freon 113 

1,1, 2-Trichloro-l , 2 , 2-trif luoro- 



ethane 

CCI 2 F-CCIF 2 

Halo thane 

' Bromochlorotrifluoroethane 

■ CHBrCl-Cfa 


C. Other 

Freon C-318 Octafluorocyclobutane CitFe 


Table 2. LEVELS OF HALON 2402 IN RAT TISSUE FOLLOWING 
EXPOSURE BY INHALATION. 


Tissue 

Post- 

■inhalation 

interval 

(hrs) 

0 

1-1/2 

3 

24 

Liver 

258^ 

5 

2 

0.28 

Lung 

44; 

18 

2 

0.18 

Brain 

0.70 

2.1 

0.78 

0.36 

Kidney 

82 

27 

23 . 

0.33 

Heart 

24 

2.1 

2 

1.1 

Muscle . 

73 

19 

2.8 

. 1.0 

Fat 

365 

469 

410 

ii 

Blood 

87 

7 

0.23 

0.22 


a All values shown are In pg Halon 2402/g tissue. 
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Table 3. HALON 1301 IN RAT BLOOD 

FOLLOWING A SINGLE 50-MINUTE 
EXPOSURE TO A VAPOR CONCENTRATION 
OF 5 % (V/V). 


Post-inhalation 
time (hrs) 

Blood level 
Vg/g 

0 

5.6 

0.25 

0.62 

1.0 

0.35 • 

2.0 • 

0.05 

^•0 

0.07 ■ 







OXYGEN CONSUMPTION IN MITOCHONDRIA 
FROM RATS EXPOSED TO HALOCARBONS 



RANGE OF CONTROLS 


EXPOSURE CONDITIONS 


COMPOUND 

%INAIR 

TIME, MIN 

HALON 2402 

6.2 

10 

HALON 1301 

6.8 

30 

FREON 116 

7.3 

30 

FREON C-318 

5.0 

30 

FREON 12 

7.6 

30 


BRAIN 


LIVER 



LUNG 





20H 





■ 



1 

1 
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^ 2402 1301 116 C-318 12 


VZguAZ U Oxygen Consumption in Mitochondria from Eats Exposed to Halocarbons. 

Mitochondria were isolated from tissues after the rats were exposed 
under the indicated conditions. Mitochondria from controls were 
assayed simultaneously with the experimental groups and the range 
of activities includes data froin all five groups of controls. The 
rate of oxygen consumption is expressed as my AO consumed/mg 
protein/min X lO”^. 




OXIDATIVE PHOSPHORYLATION IN MITOCHONDRIA 
FROM RATS EXPOSED TO HALOCARBONS 



RANGE OF CONTROLS 


EXPOSURE CONDITIONS 


COMPOUND 

% IN AIR 

TIME, MIN 

HALON 2402 

6.2 

10 ■ 

HALON 1 301 

6.8 

30 

FREON JI6 

7.3 

30 

' FREON C-318 

5.0 

30 

FREON 12 

7.6 

30 


BRAIN 



LIVER 



LUNG 



KIDNEY 



V^QUAZ. 2* Oxidative Phosphorylation in Mitochondria from Rats Exposed to 
Halocarbon, Mitochondria were isolated from tissues after the 
rats were exposed under the indicated conditions. Mitochondria 
from controls were assayed simultaneously with the experimental 
groups and the range of activities included data from all five • 
groups of controls. The rate, of phosphorylation is expressed 
as my Holes P^, esterified/mg protein/min X 10” L 



HALOCARBONS IN BLOOD OF RABBITS 
DURING 5% ATMOSPHERIC EXPOSURES 



V^LquM, 3. Halocarbons in Blood of Rabbits During 5% Atmospheric Exposures. 

Blood samples were withdrawn from the animals before, during and 
after exposures to either Halon 1301 (open circles) or Freon 116 
(solid circles. Concentrations of the halocarbons in blood were 
determined by gas-liquid chromatography. 



CONC. IN BLOOD, pg/g 


* FREON 12 IN BLOOD OF RABBIT * 
DURING 6% ATMOSPHERIC EXPOSURE 


20 30 

TIME, MINUTES 


END OF 
EXPOSURE 


Preon 12 in Blood of Rabbit During 5% Atmospheric Exposure. 
Blood samples were,. withdrawn from the animals before, during 
and after exposure to Freon 12 and the halocarbon concentra- 
tions determined by gas-liquid chromatography. 
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From the standpoint of toxicology, the greatest immediate threat 

to victims exposed to fire is represented by the smoke and combustion products 
formed during burning of a variety of materials. In some circumstances, 

however, there can exist a threat from inhalation of substances other 
than combustion products, e.g., inhalation of substances used to combat 
the fire, A number of halogen-containing compounds are being developed 
as components of fire extinguishers and fire suppressing apparatus and 
release of these substances contributes to the total toxicologic hazard 
faced by either victims or persons involved in combatting the fire 

itself. In fact, as more efficient fire-fighting systems evolve, it 
is possible that exposure to fire extinguishers and suppressants and their 
combustion products will constitute more of a hazard than that posed by 
exposure to combustion products indigenous to the fire Itself. In a study 
of eight fluorinated hydrocarbon compounds that were possible fire ex- 
tinguishers, Chambers ~ et al. (1950) reported that the pyrolysis products 
of six compounds were more lethal to rats exposed for 15 min. to atmospheres 
containing them than the original compounds, in 'one case by nearly 79 times. 

Depending on the nature of the facility to be protected and the 
type of fire-combatting material employed, there are at least two situations 
representing rather different toxicologic problems. An acute danger could 
ensue from the deployment, particularly in a closed space, of a halogenated 
substance emitted by a fire extinguisher. This could occur in aircraft 
.cockpits or cabins, compartments of ships, warehouses, etc. On the other 
hand, chronic exposure could follow the use of a halogenated fire suppressant. 
Incorporated into the atmosphere of a vessel, such as a spacecraft, to prevent 
even the initiation of fire. In this situation, exposure could be continuous 
for several weeks or even several months. 
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Both of these problems in toxicology are under investigation in 
our laboratories and some of the halocarbons we have Investigated are shown 
in Table I. With the exception of Freon C-318 (Ci«Fe), all ore fluorinated 
methanes or ethanes. Despite the obvious structural similarities, they 
produce a variety of pharmacologic effects in laboratory animals ranging 
from violent convulsions and death following exposure to Halon 1202 CCBr 2 F 2 ) 
to anesthesia induced by Halothane (CHBrCl-CFa) which is, in fact, a widely 
used anesthetic mentioned here for comparison purposes only. Others induce 
myocardial sensitization to catecholamines, e.g. Freon 12 (CCI 2 F 2 ), while 
others such as Freon 116 (C 2 F 6 ), affect biological systems only subtly if 
at all. In general, the observations we have made have been in accordance 
with the generally accepted principle relating the chemical constitution 
with the toxicity of many of the fluoro alkanes, namely a lower toxicity is 
associated with an increasing number of fluorine atoms in the molecule 
(Clayton, 1966) . The low order of toxicity in highly fluorinated alkanej; 
is a reflection of low-chemical reactivity and low-biological activity. 

Experiments with laboratory animals have shown also that physical 
chemical characteristics of halocarbons can Influence biological activity. 
For example, blood levels of gaseous compounds such as Halon 1301 (CBrFa) 
and Freon 116 (C 2 Fs) decrease rapidly during the first few minutes after 
exposure is teirminated (Figure 1). Exposure to a less volatile material, 
such as Halon 2402 (CBr 2 F^), which is liquid at room temperature, leaves 
substantial residues in the blood (and other tissues) even several hours 
after the exposure is terminated (Table 2). 

One of our objectives has been to determine the extent to which 
toxicologic studies in laboratory animals can aid in the selection of 
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halocarbons suitable for long-term continuous exposure in humans Inhabiting 
closed atmospheres containing substantial quantltite of a halocarbon. To 
aid in the selection, a variety of halocarbons were first studied In short- 
term exposures to disclose which were the least acutely toxic. The results 
of such studies have been reported elsewhere (Griffin et al. , 1972), One 
compound, Freon 116, showed a remarkable lack of biological activity in 
these acute Investigations and long-term, continuous exposures were In- 
itiated. Freon 116 has also been shown to be potentially useful as a fire 
suppressant (Huggett, 1973), In our acute studies. Freon 116 was well 
tolerated by rats and rabbits. No Immediate toxic effects were observed 
even when the concentration of Freon 116 was raised to 20% (v/v) for periods 
up to one hour. With this background and with the goal of obtaining de- 
. fxaitive data during more prolonged exposure, an experiment was devised 
in which rats would be exposed to the fluoralkane almost continuously for 
an extended period. We planned an atmospheric concentration of 20% (v/v), 
an effective concentration of Freon 116 for use as an inerting gas, A 
concentrated multidisciplinary approach was taken because only a limited 
number of animals would be available. 

Hematological and biochemical serum examinations were selected 
with a two-fold purpose in mind. In the first place, we wanted data on 
the general health and clinical status of the animals and this was ob- 
tained through a battery of tests performed at the termination Of the 
exposure. Secondly, some selected tests were Incorporated with the hope 
of showing- specific sensitiylty to exposure to the halocarbon. Osmotic 
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fragility studies were employed to demonstrate whether the fluorocarbon 
had any effect on the Integrity of the erythrocyte membrane. It was hoped 
that studies of enzyme activities within serum would disclose liver or 
other tissue damage. 

Preliminary studies employing aciite exposures had not revealed 
lability of the carbon-fluorine bond as determined by measurements of con- 
centrations of fluoride in samples of urine obtained after the exposures. 

This approach to studying the metabolism of Freon 116 was employed in the 
present experiment also. We felt also that, since excess fluoride accumu- 
lates in bone, a study of that tissue was necessary and would provide a 
more sensitive indicator of metabolism, ' Fluoride levels in bone were studied 
at the termination of the experiment. 

Previous biochemical studies had shown that acute exposure to 
Freon 116 had no effect on mitochondria (Griffin ^ al « , 1972) . Since 
then, the biochemical emphasis has been to determine whether perfluorinated 
hydrocarbons have any effect on the endoplasmic reticulum of the liver. 

Mixed function oxidase and cytochrome P-450 were measured to determine 
whether the Freon 116 would Induce production of processing enzymes In 
the mlcrosomes. 

For exposure of the animals , a portable animal exposure chamber 
as described by Hinners (1968) was modified to operate in a "closed 

dynamic" mode for control of the gaseous content. This manner of operation 
was utilized because of long-term exposure studies involving concentrations 
of Freon 116 of the order of 20% would necessitate the use of large quanti- 
ties of the fluorocarbon if the open dynamic system of exposure were used. 


Such a system would not be economically feasible because of the high cost 
of the fluorocarbon; therefore, a recirculating system, based on that 
described by Clayton et al . (1960), permitting the recovery and reuse 
of Freon 116 was devised. In our variation of the closed bynamic system 
chamber gases were circulated through a bed of lithium hydroxide to remove 
carbon dioxide. For each mole of carbon dioxide removed, it was necessary 
to add back an equivalent amount of oxygen. This was accomplished by 

' I 

metering oxygen to the changer at a rate required to maintain the concen- 
tration at about 20%. Freon 116 was also metered to the chamber at the 
rate required to maintain a 20% by volume concentration. 

The chamber was operated for 2 ?, hours a day, 7 days a week. The 
daxly one hour down time was used for animal care and for cleaning. In 
order to prevent the build-up of ammonia and other odorous materials, strict 
atc.‘idards of cleanliness were observed. Animal cages and the trays for 
collecting urine and feces were changed dally and the inside of the chamber 
was washed each day. Urine and any spillage from water bottles was absorbed 
on Pel-E-Cel (Paxton Products). In addition, boric acid crystals were 
sprinkled on the trays holding the absorbent to help prevent the formation 
of ammonia. Finally, the chamber was purged at a slow rate throughout the 
exposure period to help prevent the build-up of foreign materials in the 
atmosphere. 

With the chamber operating in this manner, we determined that its 

size limited the exposure capability to about 12 rats; therefore, the ex- 

/ 

periment was started with that number of male Sprague-Dawley rats in the 
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chamber. Twelve male animals housed outside the exposure chamber served 
as controls for the study. The exposure lasted for 37 weeks, or nearly 9 
months . 

_ — The concentrations of Freon 116, oxygen, and carbon dioxide 

measured during the study are shown in Figure 2. The grand average of the 
weekly Freon 116 concentrations was 20.7% and the averages of those of 
oxygen and carbon dioxide were 20,1% and 0,39% respectively. The system 
^ I of exposure proved to be a suitable one for maintaining the gaseous con- 
centrations at the desired levels, although there were some variations. 
Carbon dioxide concentrations were maintained well below the upper limit 
of i% which would have been tolerated. Lesser variations in the concen- 
tration of CO 2 after the 15th week of exposure followed an improvement 
in the design of the lithium hydroxide scrubber. The temperature within 
the chamber reflected the temperature outside the changer except that con- 
ditions were 2-3°F higher inside. 

I 

■ I The general response of the animals to the exposure conditions is 

> ■ ■ ■ 

indicated by the body weights shown in Figure 3. Although the weights were 

equivalent at the beginning of the experiment, growth of the exposed animals 
was retarded somewhat at the beginning of the exposure and again at 
about the 18th week of exposure. 

Of the original 12 rata admitted to the chamber at the beginning of 

t ' • 

the exposure, eight survived until the experiment was terminated after 37 
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weeks of exposure. Two of the animals died during anesthesia for drawing 
blood samples from the orbital sinus. Two others died from causes which 
could not be determined from gross examination at autopsy. Auto lysis 
prevented a definitive his topatho logical examination for determination of 
the cause of death. Of the twelve animals which entered the study as 
controls, only. six survived, the others dying from respiratory infection. 

The general health and well being of the animals is reflected In 
the hematology data shown in Figure A, All the parameters examined were 
well within the normal range as determined in our laboratory, although 
there was some evidence of hemo-concentration in the exposed rats during 
the early stages of the experiment. This was indicated by slightly elevated 
heaatocrits and erythrocyte counts in the exposed animals during the 18-week 
exposure period. However, after 37 weeks of exposure there were no differ- 
ences between the exposed and the control groups. Total erythrocyte counts 
were well within the normal ranges at all times and there was no evidence 
that exposure to Freon 116 elicited a change in the osmotic fragility of 
erythrocytes. At the termination of the experiment, no differences were 
observed in the concentrations within serum of glucose, urea nitrogen, 

sodium or potassium (Figure 5). 

1 

With the exception of alkaline phosphatase activity, there were 
essentially no differences between the exposed and the control groups in 
the activities of those serum enzymes shown in Figure 6. In the exposed 
group, the average alkaline phosphatase activity wa.s slightly higher than 
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that of the controls. This difference was statistically significant 
(P<0.05). LDH activities in the sera of the rats are shown in Figure 7. 
Significant increases were observed in the exposed rats after 18 weeks of 
expoBurei but this change was no longer present after 37 weeks of ex- 
posure to Freon 116, 

The biochemical studies of enzymes and levels of cytochrome 
P-450 in liver (Figure 8) did not show any evidence of the Induction common 
following exposure to many chlorinated compounds . . ‘ 

Concentrations and total dally excretions of fluoride ion in the 
urines of the rats are shown in Figure 9. Regardless of the manner of ex- 
pression, the absolute values are slightly lower in the exposed group al- 
though there were no significant differences between exposed and control 
groups of animals. Fluoride ion in the bone of the animals, expressed as 
per cent of the bone ash, is also shown in Figure 9. There was no significant 
difference between exposed and control groups. 

DISCUSSION 

It has been pointed out that the low order of toxicity of highly 
fluorinated alkanes is a reflection of a low order of chemical reactivity 
and a low order of biological activity. The experiment described herein 
confirmed a low order of toxicity of a perfluoroalkane and demonstrated 
that in spite of the relatively high exposures over a long period of time 
and under almost continuous conditions of exposure, there was remarkably 
little response of any kind by the rats that could be attributed to the 
fluorocarbon* With the chamber containing 20% by volume of Freon 116, the 
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animals were being exposed by the respiratory route to rather enormous 
quantities of the chemical. Taking the vapor density of Freon 116 to be 
5.7 g/liter and the respiratory minute volume of the rats to be 0.073 liters/ 
min. (Altman and Dittmer, 1964), a conservative estimate for rats weighing 
200g or more, it can be calculated that the animals were exposed to about 
115g of Freon 116 per day. Certainly, not all was absorbed; in fact, we 
have shown (Griffin et al. , 1972) that rabbits undergoing exposure to 20% 
Freon 116 had a mean concentration of the Freon in their bloods of less 
than l.Oyg/g, 

The small fluctuations in the activities of serum enzymes, and 
particularly the elevation of LDH activity during the initial phase of 

y V 

exposure, may have been related to factors other than exposure to the 

fluorocarbon. In our preliminary studies, in which groups of rats v,dre 

exposed to fluoroalkanes continuously in the closed dynamic chamber for 

periods up to 30 days, and in control experiments, in which rats were con- 
fined to the chamber for 30 days but were not exposed to a fluoroalkane, 

elevated LDH activities in serum were often observed. In these experiments, 

we also noted that slight retardation of growth accompanied confinement 

of the rats to the chamber and thus did not necessarily result from exposure 

to a fluoroalkane. It is difficult to conclude what might be the cause of 

these apparent effects from confinement in the chamber. Their presence 

within the chamber did expose the rats to. an atmosphere different from that 

of the control animals in more respects than just the presence of Freon 116. 

As noted above, the temperature was slightly higher and we also observed that 

the chamber air was often more humid than the air outside. Many closed. 
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eiTvironraentally-controlled chambers incorporate activated charcoal scrubbers 
and catalytic burners to remove trace amounts of methane, ammonia, odors, 
etc., from chamber atmospheres, but we could not use such systems because 
of possible Interactions with Freon 116. Hence, the slow purge of chamber 
gasses was adopted to maintain low levels of such materials, but, even so, 
minute quantities could still have been present. All of these factors taken 
together may account for some of the slight differences between control and 
exposed groups of rats. 

Since Freon 116 is a non-polar organic compound and. soluble in 
many organic substances, it is conceivable that the material might be trans- 
ported to membrane systems and there Interact with the lipid components of 
such systems. It could be anticipated that incorporation of Freon 116 into 
membranes of cells or components of mixed function oxida'se systems mighc 
change the integrities of cell membranes or the activities of cellxilar en- 
zyme systems. If such an Interaction occurred in the erythrocyte cell 
membrane, it was not expressed by a change in the osmotic fragility of the 
cells. 

Decomposition of Freon 116 within the bodies of the rats was not 
detected by measuring the excretion of the fluoride ion in the urine. Ex- 
cess fluoride ion accumultes in bone; our failure to find increased concen- 
trations of flxjoride in the skeletons of the exposed rats is even stronger 
evidence that breakage of the carbon-fluoride bond did not occur in these 
animals. Urinary concentrations of fluoride were low in both the exposed 
and the control groups and were lower in the exposed group, although by 
only a small margin; the observed differences were not statistically 
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significant. However, it is interesting that the trend was lower in the 
exposed group; this may have been related to differences in dietary intakes 
of fluoride ion. The growth was slightly retarded in the exposed animals, 
which may have been due to a decreased consumption of food and a consequent 
decreased intake of fluoride ion. 

Many gaseous hydrocarbons arc known to sensitize the myocardium 
to the effect of catecholamines; although this phenomenon was not studied 
specifically in our experiment, it is worthy of mention. Studies of this 
effect of haloalkanes are under study in our laboratories, a preliminary 
investigation having showed only a low order of catecholamine- induced 
cardiac arrhythmia caused by Freon 116 (Wills et al. , 1972). A comprehensive 
study of cardiac arrhythmias induced by a variety of halogenated as well as 
non-halogenated hydrocarbons was reported by Reinhardt et al. (1971), but 
Freon 116 was not included in this study. In a more recent communication 
from the same laboratory (Trochimowicz, 1972), Freon 116 at 20% v/v in air 
was reported not to induce cardiac arrhythmia in dogs. We plan exposures 
of rhesus monkeys in a study to be conducted in a manner similar to the one 
reported here for rats but to Include also Investigations of cardiac sensi- 
tivity. . 
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' Table I. COMPOUNDS OP INTEREST ' 


A« Substituted tnethanea 

. Halon 1301 
Halon 1202 
Freon 11 
Freon 12 . 


Broinotrifluororaethane 
Dibromodifluorome thane 
Trichlorofluorome thane 
Dlchlorodlfluorome thane 


.&.• .Substituted ethanes 


Freon 116 
Freon 115 
Freon 114 
, Halon 2402 
- Freon 113 

Halo thane 


Hexafluoroethane 
' Chloropentafluoroethane 

1 . 2- Dichlorotetraf luoroethane 
■ l, 2 “Dlbroitiotetraflu 9 roethane 

1.1. 2- Trlchloro>l ,2, 2-trl£luoro- 
ethane 

Bronochlorotrlfluoroethane 


C. 



Other 

i Freon C-318 

A'.- t 




Octafluorocyclobutane .1 
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CBrFj 

CBraPj 

CCljF 

CCI2F2 


CF3-CP3 

CClFz-CFj 

CCIF2-CCIF2 

CBrFi-CBrPa 

CCI 2 F-CCIP 2 

CHBrCl>C£| 


; 'CuFs 

>4 
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Table 2. LEVELS OF HALON 2402 IN RAT TISSUE FOLLOWING 
EXPOSURE BY INHALATION. 



o 

CD 

rr 

■ 

■Inhalation 

Interval 

_(hrs) . 

Tissue 

. 0 

1-1/2 

1 

3 

24 ■ ' 

Liver 

258* 

, ! •. J< 

■'•5 

2 

0.28 

Lung 

.44 

ir 

2 

oUs 

Brain 

6.70 

2.1 

0.78 

0.36 

‘ i 

Kidney 

82. -.f’’*' 

*’ » v» 

27 7-..- 

23 

• 

■ 0.33 . '• 

* '• 

Heart 

24 *) 

2.1 ’■/, 

2 

1.1 ■ • 

Musple 

73- 

* 19 

2.8 

1.0 

Fat 

365 

f 

. 469 

410 

11 i 

* ' • ' •» . 

Blood 

1 

87 

7 

0.23 

0.22 
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All values shown are in yg Ualon 2402/g tissue. 
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HALOCARBONS IN BLOOD OF RABBITS 
DURING 5% ATMOSPHERIC EXPOSURES 
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f/^U/LZ 1« Halocarbons In Blood of Rabbits During 5% Atmospheric Exposures . 

' ' Blood samples were withdrawn from the animals before, ’‘during and 

cxposuree to elthei^ llalon 1301 (open circles) or Freon 116 

r:V-V'/';’ V circles. '' Concenti^atlone' Of the halocarbons ' in blood were 
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Control 
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SERUM CHEMISTRY 


. 

CONTROL 

EXPOSED 

GLUCOSE, mg/IOOmI 

131 ± 16 

140+18 

UREA NITROGEN. mg/IOOmI ' 

18 ± 2 

16 + 3 

SODIUM, mes/l 

145 ± 2 

144+ 1 

POTASSIUM, meo/l 

5,i + 0.2 

5.3 ±0.4 


fZgune. 6. 


SERUM ENZYMES 


' ' , ■ , ■ 

• CONTROL 

EXPOSED 

ALK. PHOS, K-A units 

14.4 15.9 

24.017.2 

ACID PHOS, K-A units 

1 1.0 ± 2.0 

II.I 1 2.7 

GOT, $-F units 

65,0112.0 

67.0 121.0 

GPT, S-F units 

28.0 1 12.0 

23.0 1 6.0 

CPK, units 

38.0 1 24.0 

32.0 1 i5.0 
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Among the many applications of short-chain fluorinated hydrocarbons, 
their current and potential use in combatting and controlling fires in 
confined spaces promises to be of great benefit in preventing injury and 
damage. One projected application involves incorporation of a gaseous 
fluorocarbon in the atmosphere of spacecraft, aircraft, submarines, etc., 
as an inerting component. Ferfluorlnated compounds such as tetrafluoro— 
methane, hexafluoroethane and octafluorocyclobutane, have been shown to 
suppress combustion by increasing the heat capacity of gaseous atmospheres 
(Huggett, 1973). Before such use of a perfluorocarbon can be initiated, 
however, much more data on the safety of the compounds for man is required. 
Although beginnings have been made in studying the toxicology of fluorine- 
containing hydrocarbons, most investigations have involved only simple 
exposures of short duration. Little or no data Is available relating to the 
toxic affects "which might be encountered during exposure on a ccntinucus 
basis for a prolonged period. Men occupying spacecraft, aircraft or other 
confined cabins containing inerting atomospheres would be exposed 
continuously. 

We investigated a variety of fluorocarbons (Griffin, oX oiZ,, 1972) 
involving short term single or multiple exposure of laboratory animals. 

The observations we made were consistant with the generally-accepted 


principle relating the chemical constitution with the toxicity of many 
of the f luoroalkanes , namely a lower toxicity is associated with an in- 
creasing number of fluorine atoms in the molecule (Clayton, 1966) . We 
determined that, among other compounds, the perfluorinated hydrocarbon 
hexafluoroethane was well tolerated by rats and rabbits. No Immediate 
toxic effects were observed even when the concentration of hexafluoro- 
ethane was raised to 20Z (^/v) for periods up to one hour. With this back- 
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ground and with the goal of obtaining deflnative data during more prolonged 

exposure, an experiment was devised in which rats would be exposed to hexa- 

« 

fluoroethane almost continuously for an extended period. We aimed at an 
atmospheric concentration of 20% (^/v), a useful concentration of hexafluoro 
ethane as an inerting gas. A concentrated multidisciplinary approach was 
taken since only a limited number of animals would be available. 

Hematological and serum biochemical examinations were selected with a 
two-fold purpose in mind. In the first place we wanted data on the general 
health and clinical status of the animals and this was achieved through 
a broad-based battery of tests performed at the termination of the ex- 
posure. Secondly, some selected tests were incorporated with the hope of 
showing specific sensitivity to exposure to the halocarbon. Osmotic 
fragilit-> studies were employed to demonstrate whether the fluorocarbon 
had any effects on the integrity of the erythrocyte membrane. It was hoped 
that the studies of serum enzyme activities would disclose liver or other 
tissue damage. 

Preliminary studies employing acute exposures had not revealed lab- 
ility of the carbon-fluorine bond as determined by measurements of urinary 
fluoride concentrations. This approach to studying the metabolism of 
hexafluoro ethane was also employed in the present experiment but we also 
felt that since excess fluoride accumxilates in bone, a study of that tissue 
was necessary and would provide a more sensitive Indicator of metabolism. 
Fluoride levels in bone were studied at the termination of the experiment. 

Previous biochemical studies have shown that acute exposure to per- 
fluorlnated hydrocarbons has no effect on mitochondria (Griffin, ct o£.., 
1972). Since then, the biochemical emphasis has been to determine if 


I 


1 


I 


perfiuorinated hydrocarbons have any effect on the endoplasmic reticulum 
of the liver. The very stable carbon-fluorine bonds of perfiuorinated hydro 
carbons do not appear to be attacked by the mixed function oxidase of the 
liver endoplasmic reticulum (Ulbrich and Diehl, 1971). However, these 
-authors have found that perfluorohexane binds to mixed function oxidase and 
stimulates NADPH oxidation. Their findings suggest that exposure to a per- 
fiuorinated hydrocarbon might cause the peroxidation of the lipids of the 
endoplasmic reticulum as a result of a contiuous activation of the mixed 
function oxidase. To test this hypothesis, lipid peroxides and glucose-6- 
phosphatase, an enzyme which is sensitive to lipid peroxidative damage, 
were measured in isolated microsomes. Also, mixed function oxidase and 
cytochrome b were measured to see if the perfiuorinated hydrocarbon 
vould induce the synthesis of microsomal processing enzymes. 
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METHODS 

EKp06uA(L OjJ An^nati, Fot exposure of the animals a portable animal 
exposure chamber as described by Hlnners, zt at. ^ (1968) was modified 
to operate In a "closed dynamic" mode for control of the gaseous content. 
This manner of operation was utilized since long term exposure studies 
Involving concentrations of hexafluoroethane on the order of 20% would 
necessitate the use of large quantities of the fluorocarbon if a simple 
flow through system of exposure were used. Such a system would not be 
economically feasible because of relatively high cost of the fluoro- 
carbon and therefore the recirculating system permitting the recovery 
and reuse of hexafluoroethane was devised and was based on the system 
described by Clayton, zt at., (1960). In our variation of the closed 
dynamic system, chamber gases were circulated through a bed of lithium 
hydroxide (Anhydrous Environmental Grade, Foote Maneral Company) to 
remove carbon dioxide. The lithium hydroxide was obtained in the an- 
hydrous form, however, water was added at the rate of 750 ml per 10 
pounds to improve the efficiency for absorption of carbon dioxide. The 
concentration of carbon dioxide within the chamber was measured with a 
Bendix Unico Model 400 gas detector. For each mole of carbon dioxide 
removed it was necessary to add back an equivalent amount of oxygen. 

This was accomplished by metering oxygen to the chamber at a rate re- 
quired to maintain the concentration at about 20%. The concentration 
of oxygen was monitored by use of a Chemtronics Model GP— 10 gas phase * 
oxygen transducer with a Chemtronics Model BP-300A amplifier. 

Hexafluoroethane (Freon 116, Du Pont) was metered to the chamber at 
a rate required to maintain a 20% by volume concentration. The con- 
centration of the fluorocarbon was monitored with a gas chromatograph 
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(Perkin-Elmer Model 801) having a flame ionization detector and a Jt” 

X 6* stainless steel column packed with Pora Pak Q (Waters Associates 
Incorporated) . The column bath was tnaintained at a tii^rperature of 

isoOc. 

The chamber was operated for 23 hours a day, 7 days a week. The 
daily one hour down time was used for animal care and for cleaning. 

In order to prevent the build-up of ammonia and other odorous materials 
strict standards of cleanliness were observed. Animal cages and the 
trays for collecting urine and feces were changed daily and the Inside 
of the chamber was washed each day. Urine and any spillage from water 
bottles was absorbed on Pel-E-Cel (Paxton Products) . In addition, 
boric acid crystals were sprinkled on the trays holding the aborbent 
to help prevent the formation of ammonia. Finally, the chamber was 
purged at a slow rate throughout the exposure period to help prevent 
-the build-up of foreign materials in the atmosphere. 

With the chamber operating in this manner we determined that its 
size limited the exposure capibility to no more than about 12 rats, 
and therefore the experiment was started with that number of male 
Sprague-Dawley rats in the chamber. Twelve male animals housed outside the 
exposure chamber served as controls for the study. The exposure lasted for 
37 weeks or nearly 9 months. 

CJLbUcAt Chm'iit/iy and HmatoZogy. During some of our preliminary 
studies of rats undergoing exposure to fluorocarbon chemicals for periods 
up to one month, we oberved Increases in levels of serum lactic dehydro- 
genase (LDH) activity. This was investigated in the present study by 
measurement of the enzyme activity at two Intermediate periods and at the 
time of the terminal sacrifice. During these intermediate periods the 
hematocrit, hemoglobin concentration, and red and white total cell counts 
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were also measured. More frequent sampling was avoided since the nec- 
essary anesthesia stressed the animals to an undesirable degree. 

At the time of the terminal sacrifice more extensive serum studies 
Included, in addition to measurements of LDH activity, determinations 
of acid and alkaline phosphatase activities, glutamic-oxaloacetate and 
glutamic-pyruvate transaminase activities, creatine phosphokinase act- 
ivity, glucose, urea nitrogen, sodium and potassium. Added to the 
hematology studies were determinations of differential white cell counts 
and erythrocyte osmotic fragility. 

OjJ TZuoaMIz Ions. Following, the 37 weeks of exposure to 
hexafluoro ethane, concentrations of fluoride were measured in urine 
samples collected during a 24 hour period. A procedure described for the 
deteimijtkvtion of fluoride ion content of human urine (Singer, zt at., 1969) 
was modified to permit suitable measurements in rat urine. Each volume of 
urine was diluted with four volumes of a solution containing 8.5 g NaCl and 
5 g of dlsodium ethylenedlamlnetetraacetic acid (EDTA) per liter. The 
solution was adjusted to pH 6.5 with dilute potassium hydroxide before 
dilution to final volume and additon to the rat urine. Standard solutions 
of fluoride ion were also prepared with the NaCl-EDTA diluent and a standard 
curve prepared with the fluoride ion selective electrode. In order to 
obtain another basis for the rate of urinary fluroide excretion, creatinine 
levels were measured in each of the urine samples. 

At the time of sacrifice, a femur from each animal was disected free 
of soft tissue, dried and defatted with ethyl ether. The bones were then 
dry ashed at 500°C and determination of fluoride in the bone was made 
with the fluoride electrode using the procedure of Singer and Armstrong 
(1968). 

< 
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Hcpa^tic Biochem^6t^y . NADP, glucose-6-phosphatase and thiobarbituric 
acid were purchased from Sigma Chemical Company, biphenyl, p-chloroaniline 
and demethylaminobenzaldehyde were purchased from Eastman Kodak Company, 
4-hydroxybiphenyl from Aldrich Chemical Company, and p-chloroaniline from 
Calbiochem Company. Livers were homogenized in 5 volumes of 0.25 M 
Tris-HCl pH 7. A. Microsomes were prepared by differential centrifugation. 
The 0.25-6*10® g.min pellet was resuspended in 0.25 M sucrose-0.01 M 
Tris-HCl pH 7. A for the enzyme assays and in 1.15% KCL for the cytochrome 
and lipid peroxidation assays. The cytochrome P-A50 and b assays were 
performed on fresh microsomes, while the remaining assays were done on 
microsomes which had been frozen one time. 

Cytochrome P-A50 and b were assayed by the method of Hazel (La Du, 
eX at., 1971), biphenyl hydroxylase by Creaven's method (Creaven zt at., 

1965) , N-d^ethylase by Kupfer's method (Kupfer and Bruggeman, 1966), 
lipid peroxidation by Wills' method using NADPH (Wills, 1969), and 
glucose— 6— phosphatase by Nordlei and Arlons method (Nordic! and Arlon, 

1966) . 

Protein was determined by a modified Gornall procedure (Gornall, 
eX. at., 19A9) adapted to a Technican Autoanalyzer. One tenth ml of 5% 
sodium dodecyl sulfate and one tenth ml of sample containing 0.5-A 
mg protein were mixed in a 0.5 ml micro sampling cuvette. The cuvettes, 
including those containing buffer and 1,2 and A mg of bovine serum albumin 
were sampled by the autoanalyzer . About 0.06 ml of sample were 
mixed with 20 volumes Biuret reagent containing 2% NaoH and disodium tart- 
rate in place of sodium potassitim tartrate. The mixture was passed through 
a small mixing coil and then directly into a flow cell colorimeter where the 
absorption at 550nm was measured. A linear standard curve was obtained 
as well as highly reproducible determinations of protein in all subcellular 
fractions, including mitochondria. 


RESULTS 


GzneAoZ Re^pon6Z to Ex.po6uA&, The weekly average concentration of 

f 

hexafluoroe thane, oxygen and carbon dioxide are shown for each week of the 
experiment In Table 1. The average temperature within the chamber during 
each week is also shown in the table. The grand average of the weekly 
hexafluoropthane concentrations was 20.7% and the average of oxygen and 
carboj- - was 20.1% and 0.39% respectively. The system of exposure 

utilized herein proved to be a suitable one for maintaining the gaseous 
concentrations at the desired levels although there were some variations. 
Carbon dioxide concentrations were maintained well below the upper limit 
of 1% which would have been tolerated. The temperature within the chambeif 
reflected the temperature outside the chamber- except that conditions were 
2-3®F higher inside. 

The general response of the animals to the exposure conditions is re- 
flected in the body weights also shown in Table 1. Although the weights 
were equivalent at the begiiming of the experiment, growth of the exposed 

I 

animals was retarded somewhat at the beginning of the exposure and again 
from about the 15th through the 23rd weeks of exposure. 

C 

Of the original 12 rats admitted to the chamber at the beginning of the 
exposure, eight survived until the experiment was terminated after 37 
weeks of exposure. Two of the animals died during anesthesia being admin- 
istered to draw blood samples from the orbital sinus. Two others died from 
causes which could not be deteirmined from gross examination at autopsy. 
Autolysis prevented a definative his topatho logical examination for deter- 
minatlon of the cause of death. Of the twelve animals which began the 
study as controls, only six survived, the remaining having died from an 
Intercurrent respiratory infection. 
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SeAum B^ochm-i&t/Ly. The result of biochemical studies of serum 
obtained from the rats after 37 weeks of exposure to hexafluoro ethane 
are shown in Table 2. 

With the exception of the levels of alkaline phosphatase activity there 
were essentially no differences between the exposed and control groups. In 
the exposed group the average alkaline phosphatasft activities was slightly 
higher than the controls. This difference was statistically significant 
(P < 0.05). 

Levels of LDH activity in the serum of the rats are shown in Table 3. 
Significant increases were observed in the exposed rats after 18 weeks of 
exposure but this difference had disappeared by 34 weeks and was not observed 
at the termination of the experiment after 37 weeks of exposure to hexa- 
f luoroethane . 

^qmnjtotogy , Ossotic fragility of the erythrocytes, measured after 37 
weeks of exposure, is shown in Table 4. It can be concluded from this data 
that exposure of the animals to hexafluoroethane did not alter the 
integrity of the erythrocyte membrane at least as could be determined by a 
challenge from osmotic shock. 

General health and well being of the animals is reflected in the 
hematology data shown in Table 5. All of the parameters examined were well 
within the normal range as determined in our laboratory, although there 
was some evidence of hemo-concentration in the exposed rats during the 
early stages of the experiment. This was indicated by slightly elevated 
hematocrit and erythrocycte counts in the exposed animals during the 18 
week exposure period. However, after 34 weeks of exposure there were no 
differences between the exposed and control groups nor were there any 
differences when the study was termlntated. Total erythrocyte counts 
were well within the normal ranges at all times. 


10 . 


TZu-OfiMLa atuf Bone. Levels of fluoride ion excreted in the 

urine by the rats as shown in' Table 6. Three methodi® are used in the 
table to express the rate of fluoride ion excretion. In the first, it is 
lexpressed as a simple concentration in the urine, in the second it is ex- 
pressed as total excretion in the 24-hour period, and in the third it is 
expressed as amount excreted per unit weight of creatinine excreted. 
Regardless of the manner of expression the absolute values are slightly 
lower in the exposed group although there were no significant differences 
between exposed and control groups of animals. Level of fluoride ion in 
the bone of the animals, expressed as a per cent of the bone ash, is also 
shown in Table 6. There was no significant difference between exposed 
and control groups. 

He.pcut(jl BZockomZ&t/Ly. The 37 V7eek exposure to hexafluoroethane had 
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function oxidase was not induced. No evidence of lipid peroxidation, in 
terms of Increased malonaldehyde production or inhibition of glucose-6- 


phosphatase, was found. 



DISCUSSION 


It has been pointed out that the low order of toxicity of highly 
f luorinated alkanes is a reflection of a low order of chemical re- 
activity and a low order of biological activity (Clayton 1967). The 
experiment described her in confimned a low order of toxicity and demon- 
strated that in spite of the relatively high levels of exposure to 
hexafluoro ethane over a long period of time and under almost continuous 
conditions of exposure, there was remarkably little response of any 

I 

kind by the rats. With the chamber containing 20% by volume of hexa- 
fluoroethane, the animals were being exposed by the respiratory route 
to rather enormous quantities of the chemical. Taking the vapor density 
of hexaf luoroethane to be 5.7 g/liter and the respiratory minute volume 
of the rats to be 0.073 liters/min. (Altman and Dittmer, 1964), a conser- 
ative ^.stimate for rats weighing 2CC g or more, it can be calculated tnat 
the animals were exposed to about 115 g of hexaf luoroethane per day. 
Certainly not all was absorbed and in fact we have shown (Griffin, zt oL. , 
1972) that in rabbits undergoing exposure to 20% hexaf luoroethane, the 
concentration in blood was less than 1.0 yg/g. 

The small fluctuations in activity of serum enzypies, and particularly 
the elevation of LDH activity during the initial phase of exposure, may 
have been related to factors other than exposure to the fluorocarbon. 

In our preliminary studies in which groups of rats were exposed to 
fluoroalkahes continuously in the closed dynamic chamber for periods up to 
30 days and in control experiments in which rats were confined to the 
chamber for 30 days but were not exposed to a fluoroalkane, elevated serum 
LDH activities were often observed. In these experiments we also noted 
that slight retardation of growth accompanied confinement of the rats to 
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the chamber and thus did not necessarily result from exposure to a 
fluoroalkane . It is difficult to conclude wliat might be the cause of these 
apparent effects from confinement iri the chamber. Confinement in the 
chamber did expose the rats to an atmosphere different from that of the 
control animals in more respects than just the presence of hexafluoroethane. 
As noted above the temperature was slightly higher and we also observed 
that the chamber air was often more htimid than the air outside. Many 
closed environmentally controlled chambers incorporate activated charcoal 
scrubbers and catalytic burners to remove trace amounts of methane, ammonia, 
odors, etc., from chamber atmospheres, but we could not use such systems 
because of the possible interactions with hexafluoroethane. Hence, the slow 
purge of chamber gasses was adopted to maintain low levels of such materials 
but, even so, minute quantities could still have been present. All of these 
factors taken together may account for some of che slight differences beeween 
control and exposed groups of rats. 

Since hexafluoroethane is a non-polar organic compound and soluable in 
many organic substances, it is concievable that the material might be trans- 
ported to membrane systems and there interact with the lipid components of 
such systems. It could be anticipated that incorporation of hexafluoroethane 
Into membranes of cells or components of mixed function oxidase systems 
might change the integrity of the cell membrane or activities of the 
enzyme systems. If such an interaction occurred in the erythrocyte cell 
membrane it was not expressed by a change in the osmotic fragility of the 
cells. 

Although perf luorohexane was found by Ulbrich and Diehl (1971) to bind 
to mixed function oxidase and activate NADPH oxidation, no stimulation of 
lipid peroxidation or inhibition of glucose-6-phosphatase was found as a 
result of a chronic exposure to hexafluoroethane. Our negative findings 
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may be due to the fact that reducing equivalents from NADPH go to and 

then to H^O as suggested by Ulbrich and Diehl instead of going to lipid 
peroxides. Also hexafluoroethane may not activate P~450 in the same manner 
as perf luorohexane. The thlobarbituric acid method for measuring lipid 
peroxides is not very sensitive aiid measures the tendency of the membranes 
to peroxidize rather than determining the actual level of peroxides or 
diene conjugates in the membranes. Although the lipid peroxidation assay 
is not very sensitive, glucose-6-phosphatase is quite sensitive to lipid 
peroxidation (Ghoshal and Recknagel, 1965). The fact that this enzyme 
was not lowered by chronic exposure to hexafluoroethane, indicates that 
the mixed function oxidase was not activated to produce lipid peroxides. 

Decomposition of hexafluoroethane within the bodies of the rats was 
not detected by means of measurement of fluoride ion excretion in the 
urine. Excess riuoride acc-osulatcs in bone and the lack of f'f 

increased levels in bone of the exposed rats is even stronger evidence 
that breakage of the carbon-fluorine bond did not occur in these animals. 
Urinary concentrations of fluoride were low in both exposed and control 
groups they were lower in the exposed group, although by only a small 
margin; the observed differences were not statistically significant. 
However, it is interesting that the trend was lower in the exposed group 
and this may have been related to differences in dietary intake of 
fluoride ion. The growth was slightly retarded in the exposed animals 
and this may have |>een due to a decreased consumption of food resulting 
also in a decreased intake of fluoride ion. 

Many gaseous halogenated hydrocarbons are known to sensitize the 
myocardium to the effect of catecholamines and although the phenomenon 
was not studied specifically in this experiment it is worthy of mention. 
Studies of this effect of haloalkanes are under study in our laboratories 


and a preliminary investigation showed only a low order of catecholamine- 
induced cardiac arrhythmia caused by hexafluo roe thane (Wills, QJt at,, 1972). 

A comprehensive study of cardiac arrhythmias induced by a variety of halogenated 
as well as non-halogenated hydrocarbons was reported by Reinhardt, Qjt at., 

(1971) although hexafluoroe thane was not investigated. In a more recent 
communication from the same laboratory (Trochimowlcz, 1972), hexafluoroethane 
at 20% ■'^/v in air vas reported not to induce cardiac arrhythmia in dogs. 

We plan exposures of rhesus monkeys in a study to be conducted in a manner 
similar to the one reported here for the rats but also to include invest- 
igations of cardiac sensitivity. 


TBG*MC 

7/10/73 
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Tabtd 1, hJ(Le!iCij chambeA. conciCtConi and bodij ivcXgkti Aoti 

expoiad to hzxa^Zao^oztham 


Average 

Chamber conditions ‘ Body weight, g 


Week 

Freon , % 

O2 f % 

COz, % 

T, *F 

Exposed 

Control 

1 

20.3 . 

19.8 

0.09 

77 

194 

192 

2 

18.3 

18.1 

0.23 

77 

197 

237 

. 3 

20.7 

19.2 

0.51 

77 

257 

290 

4 

24.8 

19.4 

0.43 

77 

271 

310 

5 

18.7 

19.4 

0.38 

77 

287 

327 

6 

24.4 

19.6 

0.34 

77 

324 

366 

7 

18.4 

19.9 

0.42 

76 

326 

372 

8 

. .22.4 

20.0 

0.27 

77 

350 

380 

9 

20.7 

19.6 

0.39 

78 

380 

408 

10 

18.3 

19.3 

0.48 

78 

396 ■ 

422 

11 

24.1 

20.7 

0.66 

77 

■ 395 

419 

12 

19.1 

20.5 

0.58 

76 

406 

422 

13 

15.6 

19.6 

0.80 

79 

409 

431 


1G.2 

10 0 

JL,^ • 

0.21 

in 

S ✓ 

A 00 

T «•«« 

A 00 

15 

20.0 

19.9 

0.43 

81 

428 

426 

16 

24.0 

20.4 

C.38 

81 

434 

431 

17 

20.1 

• 19.9 

0.26 

81 

433 • 

436 

18 

22.2 

19.9 

0.29 

75 

433 

447 

19 

20.2 

18.8 

0.37 

73 

436 

450 

20 

21.7 

19.5 

0.36 

77 

425 

454 

21 

22.4 

20.7 

0.39 

80 

416 

456 

22 

24.3 

20.8 

0.35 

79 

426 

461 

23 

21.9 

20.5 

0.35 

77 

428 

466 

24 

20.9 

20.1 

0.42 

77 

432 

470 

25 

17.8 

19.3 

0.43 

77 

435 

475 

26 

18.5 

20.3 

0.32 

77 

429 

464 

27 

22.8 

20.6 

0.41 

77 

442 

470 

28 

19.6 

24.4 

0.31 

75 

439 

465 

29 

. 20.6 

20.7 

0.34 

76 

442 

466 

30 

.23.1 

20.9 

0.33- 

76 

449 

■ 462 

31 

21.3 

20.4 

0.43 

76 

455 

477 

32 

21.6 

20.1 

0.31 

76 

457 

483 

33 

21.0 

19.2 

0.35 

77 

460 

499 

34 

20.2 

21.2 

0.52 

77 

466 

508 

35 

20.3 

20.5 

0.36 

77 

479 

508 

36 

20.1 

21.6 

0.42 

77 

484 

509 

37 

19.7 

20.7 

0.36 

76 

489 

516 


Tablz 2. SeAum blodimlitAy pfwillu Acuti exposed to h^xa^luoAoeXhand 
{, 0 A 37 weefei 


Parameter 


Control 

(N=6) 

Exposed 

(N=8) 

fAlkallne phosphatase, 
K-A units 


14.4 ± 5.9* 

24.0 ± 7.2 

Acid phosphatase, 
K-A units 


11.0 ± 2.0 

11.1 ± 2.7 

Glu t ami c-o xal a ce t i c 

transaminase, S-F units 


65.0 ±12.0 

67.0 ± 21.0 

Glutamic— pyruvic 

transaminase, S-F units 

r 

28.0 ± 12.0 

23.0 ± 6.0 

Creatine phosphokinas e , 
Sigma units 


38.0 ± 24.0 

32.0 ± 15.0 

Sodium. 


145.0 ± 2.0 

144.0 I 1.0 

mec^/1 


Fotassitim 




meq/1 

5.1 ± 0.2 

5.3 ± 0.4 

Glucose 

mg/100 ml 


131.0 ± 16.0 

140.0 ± 18.0 

Urea nitrogen 
mg/100 ml 

4 

18,0 ± 2.0 

16.0 ± 3.0 


* 

means ± S;D. 


Table, 3, Lactic, deAydAogcna&c activity in iCAum o£ Aat^ exposed to 
hexa^luo AO ethane 


Units* of Enzyme Activity 




18 weeks 

34 weeks 

37 weeks 

Control, 

(N=6) 

1470 ± 620 

1530 ± 40 

2220 ± 150 

Exposed, 

(N=8) 

2990 ± 240 

1160 ±270 

2050 ± 210 


One unit will reduce 1.0 ymole of pyruvate to lactate per minute at 
pH 7.5 at 37** C. Values shown are means ± S.D. 
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Tabtz 4 , Oimo^c ^/uig<Zitij eAijihAocytai {fiom Aot6 expo4>zd to 

kvLOi{^iix.ofiozth(mz, Vata. oaz (Lxpfiz66zd o6 peA cjmt kamolyiti , 


% NaCl 



0.65 

0,55 

0.50 

0.45 

0.40 

0.30 

Control 

0 

2.8 

12.7 

56.2 

95.1 

100 

Exposed 

0 

0 

11.5 

53.9 

94.1 

100 


Tabtz 5, Umatotogy pfioiUdM Aat& exposed to h. 2 xa.{,ZiwAozthane., 


Control, (N=6 ) 


18 wks 

46. 

* 34 wks 

00 

• 

37 wks 

45. 


Hct Hb 

% g% 


± 1.5* 16. A ± 1.2 
± 2.1 18.5 ± 1.0 
± 1,6 16.8 ± 1.2 


RBC 

xlO® 


8.2 ± O.A 
8.2 ± 0.8 
7.0 ± 0.6 


WBC 

xlO^ 


14.2 ±2.6 

8.2 ± 3.0 

7.5 ± 2.1 


Exposed, (N=8 ) 
18 wks 
34 wks 
37 wks 


49.9 ± 5.0 

48.6 ± 1.9 

44.7 ± 1.5 


17.4 ± 1.1 
18.6 ± 1,0 

15.5 ± 0.7 


9.1 ± 0.8 

8.3 ± 0.8 
6.8 ± 0.4 


14.4 ± 6.8 

8.5 ± 1.4 

8.1 ± 1.6 


it 

means ± S«D 


I 


1 


1 , 


TabZz 6, ^KCA.eXion ^Zaon^dz Zon hi u/Unt ficuU and cxtncznhuLtion 
0 ^ iZiiohZdz hi bonz 0 (J A.at& zxpoitzd to hzxaf^bxonozXhanz ion. 
37 wzzk& 


Control 

(N=6) 


Exposed 

(N=8) 


F* in urine 
yg/ml 


4.13 ± 1.34’ 


2.83 ± 0.61 


F“ excretion via urine 
Vg/24 hr 


47.6 ± 15.0 


36.6 ± 7.3 


F~ excretion via urine 
yg/iug creatinine 


2.65 ± 0.67 


2.19 ± 0.45 


F" in bone . 

% bone ash 


0.071 ± 0.008 


0.070 ± 0.009 


* 

means ± S.D. 


J 


I 


1 


I 


) 


) 


TabZz 7, BZocJi 2 Jnic/it poAomzteAi Xht inicAOiomaZ mixzd function 
oxZdaiZ Xji JU.\)QMA> oi /loM> exposed 37 iv&zli6 to F/izon J16 


Biochemical 

Control 

Freon 

parameter 

• (N=6) 

(N=8) 

^ ^ cytochrome P-450, 

0»J)» , X 10^/mg protein/ml 

usonra “ 

76 ± 25 * 

69 ± 18 

cytochrome bs, 

®*°*>* 20 nm ^ 10 /™S protein/ml • 

• 

34 ± 14 

35 ± 15 

— biphenyl hydroxylase, 

n^Iolcs 4-OH-biphenyl 
I mg/protein/hr 

43 ± 4 

36 ± 21 

^ ' N-demethylase, 

nMoles p-chloroaniline 
mg/protein/hr 

166 ± 30 

146 ± 32 

lipid peroxidation, 

n'ioles malonaldehyde 
mg/protein/hr 

48 ± 12 

• 

41 ± 11 

glucose-6-phosphatase, 
liMoles Pi 
mg/protein/ 20 min 

3.4 ± 0.9 

• 

3.8 ± 1.0 

< 





)• 

I 


c 

* 

means ± S.D. 
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STUPIES OF SEHSnUATm OF CMW7AC MUSCLE TO E?JUE?mUE 
BV SELECTED HALOCARBOM COMPOUNVS 


Methods t Guinea pigs and mongrel doga were anesthetized with sodium 
pentobarbital, the guinea pigs being injected l,p. and the dogs l.v. 
Guinea pigs were exposed to the haloi^arbons by being placed within a 
plastic static chamber filled with air containing A or 5Z (V/V) of the 
halocarbon. Dogs were exposed by breathing from a spirometer through a 
tracheal cannula a gas mixture containing 4 or 5% (V/V) of halocarbon. 
With both species, the same general protocol was used: 

Time (min.) Procedure 


0 Begin to record ECG. 

1-2 Infuse epinephrine l.v, and continue 

to record ECG. 

3-6,7 Continue to record ECG until 

arrhythmia stops, 

7-22 Animal breathes halocarbon. 

23 Begin to record ECG, 


24-25 Infuse epinephrine l.v. while continuing 

to record ECG and while animal continues 
to breathe halocarbon. 

26-29,30 Continue to record ECG until arrhythmia 

stops or animal dies (ventricular 
fibrillation),, 


The concentrations of halocarbons used with both the guinea pig and 
the dog were: 2402-4Z; 116, 1301, and C318-5%. The gas mixtures were made 
by volumetric measure but were not analyzed. They are nominal concentrations, 
therefore, and are almost certainly higher than would be found by analysis 
of the gas mixtures. Compound 2402 was found not to yield a stable vapor 
or aerosol within the spirometer used, so that no actual exposures of dogs 
to this compound were made. 


preceding page blank not 
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Tha effects of the halocarboa compounds on the experimental animals 
were assessed by comparison of tha response to infusion of epinephrine after 
and during continued inhalation of the halocarbon with that to the similar 
infusion before exposure to the halocarbon, each animal serving as Its own 
control. In a control experiment, in which two infusions of epinephrine 
without an intervening exposure to a halocarbon were performed, arrhythmia 
appeared within 30 and 31,6 seconds after the Initiations of the Infusions 
and lasted for 180 and 208 seconds after the cessations of the tv70-mlnute 
Infusions. 

The responses In the animals exposed to halocarbons were graded on 
an alght-polnt scale: 

1. Arrhythmia appeared later and lasted for a shorter time 
than after the control Infusion into the same animal. 

2. Arrhythmia appeared at about the same time (+ 4 sec.) but 
lasted for a shorter time, 

3. Arrhythmia appeared earlier but lasted for a shorter time, 

4. Arrhythmia appeared at about the same time (+ 4 sec.) and 
lasted for about the same time (+ 4 sec.). 

5. Arrhythmia appeared later and lasted for about the same 
time (+ 4 sec.) , 

6. Arrhythmia appeared later but lasted for a longer time. 

7. Arrhythmia appeared at about the same time (+ 4 sec.) but 
lasted longer. 

8. Arrhythmia appeared earlier and lasted longer. 

The attached seven tables summarize the 41 experiments with guinea 
pigs and the 12 with mongrel dogs that have been performed. On the basis of 
the scores assigned according to the schema given above, 1301 was the least 
objectionable compound in the guinea pig, followed in order by 2402, 116 
and C318. In the dog, C318 was clearly the least objectionable compound, 
followed by 116 and 1301. 


When the scores In the two species are simply summed, 1301 seems to be 
the least objectionable compound, with C318 following very closely. If. man's 
heart Is considered to be more similar to that of the dog than to that of 
the guinea pig with respect to sensitization to epinephrine by halocarbons, 
the order of preference of these two compounds would be reversed; in fact, 
116 would be consldvared to bo preferable to 1301, falling between C318 and 
1301 in preferability, 

ConcZu&JLOn& l 1, in the guinea pig, 1301 had the least sensitizing effect 
on the myocardium, followed in order by 2A02, 116 and C318. 

2. In the dog, C318 had the least sensitizing effect on 
the myocardium, followed in order by 116 and 1301. 

3. On the basis of the effects of the four halocarbons 
studied in sensitizing the hearts of the guinea pig and the dog to 
epinephrine, either 1301 or C318 la judged to be the safest compound 
for man. The final choice depends upon whether the myocardium of man 
responds to these halocarbons more as does that of the dog or that 

of the guinea pig. Orth has stated that he considers the heart of 
the dog to be the best model of the human heart for such studies. 


Table 1, Cardiac senslclzatlon In guinea pigs to Freon 116 • 


Animal 

Number 

time to start 
arrhythmia 
(seconds) 

duration of 
arrhythmia 
(seconds) 

Grade 


Before 
expos uro 

After 

exposure 

Before 

exposure 

After 

exposure 


1 

41 

103 

155 

93 

1 

2 

67 

44 

171 

189 

8 

3 

63 

116 

118 

185 

6 

A 

40 

44 

152 

194 

6 

5 

34 

38 

135 

219 

6 

6 

42 

40 

203 

144 

2 

7 

34 

33 

149 

21 

2 

8 

47 

50 

48 

46 

4 

9A 

22 

>120 

67 

0 

5 

10 

222 

55 

58 

97 

8 


Mean’ 5 


* No arrhythmia was produced In this animal after exposure to 116* 




Table 2 


Cardiac sensitization In dogs to Freon 116 


Animal 

Number 

time to start ' 
arrhythmia 
(seconds) 

duration of 
arrhythmia 
(seconds) 

Grade 


Before 

After 

Before 

After 



exposure 

exposure 

exposure exposure 


1 

37 

30 

213 

303 

8 

2 

26 

19 

206 

165 

3 

3* 

29 

36 

254 

272 

6 

4 

28 

27 

no 

18 

2 


Mean 5 


* The splroiaeter may have been contaminated with 2402 during this 
experiment; it had been flushed but not cleaned. 


Table 3. 

Cardiac sensitization In guinea pigs to 

Freon C318 

• 


time to 

start 

duration of 


Animal 

arrhythmia 

arrhythmia 


Number 

(Seconds) 

(seconds) 

Grade 


Before 

After 

Before 

After 



cxDosure 

exposure 

exposure 

exposure 


1 

28 

47 

162 

157 

5 

2 

36 

39 

156 

237 

6 

3 

43 

53 

64 

127 

6 

4 

24 

52 

86 

105 

6 

5 

35 

42 

115 

55 

1 

6 

46 

48 

43 

24 

2 

7 

41 

52 

76 

101 

6 

8* 

>120 

>120 

0 

0 

4 

9 

32 

78 

18 

65 

6 

10 

56 

37 

73 

104 

6 

11 

54 

52 

50 

66 

7 

Mean 


; 



5 


* No arrhythmia was produced In this animal either before or after 
exposure to C316. 
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Table 4, 

' Cardiac sensitization In dogs 

exposed 

to Freon C318 

• 

Animal 

Number 

time to start 
arrhythmia 
(seconds) 

duration of 
arrhythmia 
(seconds) 

Grade 


Bofore 

After 

Before 

After 



exposure 

exposure 

exposure 

exposure 


1 

25 

28 

207 

248 

6 

2 

28 

25 

204 

76 

2 

3 

47 

33 

144 

2 

3 

4 

14 

21 

262 

105 

1 


4i 


Mean 


3 


1 


1 


J 
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Table 5^ Cardiac Bensltlzatlon In guinea pigs to Halon 1301. 


Animal 

Number 

time to start 
arrhythmia 
(seconds) 

duration of 
arrhythmia 
(seconds) 

Grade 


Before 

exposure 

After 

exposure 

Before After 

exposure exposure 


1 

36' 

46 

154 

182 

6 

2* 

38 

>120 

134 

0 

1 

3 

26 

19 

73 

228 

O 

O 

4 

38 

147 

16 

33 

6 

5 

36 

38 

195 

36 

2 

6 

33 

40 

34 

28 

1 

7 

28 

34 

58 

21 

1 

8 

37 

44 

74 

6 

1 

9 

40 

42 

77 

92 

7 

10 

38 

36 

71 

67 

4 

Mean 





4 


* No arrhythmia waa produced In this animal after exposure to 1301 
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Table 6, Cardiac sensitization in dogs to Halon 1301. 


Animal 

Number 

time to start 
arrhythmia 
(seconds) 

duration of 
arrhythmia 
(seconds) 

Grade 


Before 

After 

Before 

After 



exposure 

exposure 

exposure 

exposure 


1 

57 

78 

161 

165 

5 

2 

19 

34 

400 

>480 

6 

3 

38 

43 

195 

226 

6 

4 

36 

22 

176 

214 

8 


Mean 6 



Table 7 


Cardiac oensitlzatlon In guinea pigs Co Halon 2A02 


Animal 

Number 

time to start 
arrhythmia 
(seconds) 

duration of 
‘ arrhythmia 

(seconds) 

Grade 


Before 

exposure 

After 

exposure 

Before After 

exposure exposure 


1* 

>120 

36 

0 

199 

8 

2 

29 

35 

92 

95 

5 

3 

50 

37 

162 

65 

3 

A 

A2 

5A 

A5 

11 

1 

5 

A8 

37 

58 

5 

3 

6 

AO 

38 

12A 

8 

2 

7 

AO 

38 

37 

7 

2 

8 

38 

51 

lAl 

188 

6 

9 

A8 

63 

76 

28 

1 

10 

A9 

A1 

65 

136 

8 


Mean A 


* No arrhythmia vaa Induced In this animal before exposure to 2A02 
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PAPER NO. 16 


SENSITIZATION OF THE HEART TO CATECHOLAMINE - 
INDUCED ARRHYTHMIA 

J. Henry Wills, Ph. D. 

Albany Medical College 
Albany, New York 


This work was undertaken as a part of a cooperative effort between the 
Institute of Experimental Pathology and Toxicology of Albany Medical College 
and the Manned Space Flight Center of NASA, to find a fire- suppressant, or at 
least a fire-retardant, that can be present within the atmosphere of a space 
vehicle without significant hazard to the occupants. A group of fluorinated halo- 
carbon compounds was selected for further study on the basis of the existing in- 
formation on their antipyral and toxic activities. 

The specific task of my group was to determine the effects of candidate 
chemicals on the cardiovascular system. In view of previous work showing 
that such halogenated compounds as chloroform (Levy and Lewis, 1911; Brow 
et al. , 1930; Morris et al. , 1953; Raventos, 1956), halothane (Raventos, 1956; 

Hall and Norris, 1958; Katz et al. , 1^62; Flacke and Alper, 1962), methoxy- 
flurane (Bamforth et al. , 1961), and other fluorinated halocarbons (Taylor and 
Harris, 1970; Reinhardt et al. , 1971) are capable of sensitizing the heart to 
catecholamines, study of the effects of the candidate compounds on the re- 
sponse of the heart to infused catecholamines seemed particularly pertinent. 

Methods 

Two sorts of studies with guinea pigs, cats, and dogs anesthetised with 
Na pentobarbital were performed. In both, the animals have been made to 
breathe a mixture of a halocarbon compound and air, made up in a calibrated 
spirometer, through an intake-output valve system attached to a cannula inserted 
into the trachea just below the larynx. In one type of experiment, represented 
schematically in figure 1, epinephrine was infused into the femoral vein of one 
hind leg at a rate of about 3. 5 ;ig/kg/min during periods of two minutes before 
and after exposure to a halocarbon compound during 15 minutes, inhalation of 
the halocarbon continuing during the second infusion. The second type of experi- 
ment was similar except that the infusions of epinephrine were replaced by intra- 
venous injections into the femoral vein of one hind limb of 5, 10, or 15 ^ig/kg of 
epinephrine before and at various times after inception of exposure to a halocarbon. 
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Figure 1. SCHEMATIC REPRE- 
SENTATION OF THE SCHEDULE 
FOR A TYPICAL EXPERIMENT 
WITH TWO INFUSIONS OF 
EPINEPHRINE, INDICATING THE 
TIMES AT WHICH RECORDINGS 
OF THE ECG (IN SOME CASES 
OF BLOOD PRESSURE ALSO), 
INFUSIONS OF EPINEPHRINE, 
AND INHALATION OF VAPORS 
OF A HALOCARBON COMPOUND 
DILUTED IN AIR WERE 
PERFORMED. 


The halocarbon com^unds studied were: I = Freon® 11 = trichloro 
fluoromethane, II = Halon® 1301 = trifluorobromoethane. III = Halon® 2402 = 

1, 2-dibromotetrafluoroethane, IV = Freon® 116 = 1, 2-hexafluoroethane, and 
V = Freon® C-318 = cyclic octafluorobutane. Some studies have been made also 
with Freon® 12 = difluorodichloromethane. Halocarbon-air mixtures have been 
analyzed by gas-liquid chromatography. 

Calcium and potassium have been estimated by flame photometry. Nor- 
epinephrine has been estimated by the method of Limd (1950), using extraction 
with perchloric acid, adsorption on alumina, and oxidation with potassium fer- 
ricyanide instead of manganese dioxide. 

Magnesium chloride, calcium chloride, and MK-486 [L-2-hydrazino-2- 
methyl-3-(3, 4-dihydroxyphenyl) propionic acid] have been injected or infused, 
intravenously. The MK-486 was provided kindly by Alexander Scriabine, M. D. , 
of Merck Sharp and Dohme. 
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Results 


Figure 2 shows the responses of a dog to duplicate infusions of epinephrine 
before and after a 15-minute period of inhalation of a 0. 87% (v/v) concentration 
of Freon® 11 in air, the times indicated beneath the various sections of record 
being the times elapsed since the start of the infusion. The upper record repre- 
sents limb lead 1 in each pane and the lower record limb lead II. The only effect 
of the infusion in the unexposed animal (left) was some slowing of the heart's rate, 
whereas in the same animal after exposure to the Freon® compound the duplicate 
infusion of epinephrine produced initially a more marked slowing of the rate and 
then the appearance of ectopically generated ventricular contractions and fairly 
marked arrhythmia. The exposure so the halocarbon compound of itself had lit- 
tle effect on the ECG recordings. 



Figure 2. ECG RECORDS MADE AT VARIOUS TIMES AFTER THE BEGIN- 
NINGS OF INFUSIONS OF EPINEPHRINE BEFORE (LEFT) AND 
AFTER (RIGHT) EXPOSURE OF THE ANIMAL TO A VAPORIZED 
HALOCARBON COMPOUND BY INHALATION. 
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When the various halocarbon compounds were compared in the type of 
experiment illustrated above, the results set forth in table 1 were obtained. 

The experiments with 11 and IV in the guinea pig show that although the sensitiz- 
ing effect of exposure to a halocarbon compound is dose related, the relationship 
is far from a proportional one; quadrupling the concentration of halocarbon pro- 
duced only a little more than an eleven percent increase in the number of animals 
showing sensitization to the infusion of epinephrine, on the average between com- 
pounds 11 and IV. In the case of compound IV, this change in the concentration of 
the halocarbon compound produced less than a 35 percent increase in the number 
of animals showing sensitization. This table shows also that the dog and the 
guinea pig are not entirely identical in their responses to the various halocarbon 
compounds. Freon® 11 (1) is clearly the most potent of the five chemicals within 
this table. It is probably followed in order of decreasing effectiveness as a sen- 
sitizer to catecholamines by V, II and IV, and 111, although the choice among the 
last four compounds on this basis is not clear. 


Table I 


Effect of Inhalation of Halocarbon Compounds on Arrhythmia 
Induced by Infusion of Epinephrine 



Concentration 

Arrhythmia Increased 

Compound 

in Air (v/v) 

Guinea Pig 

Dog 

I ■ 

0. 87% 

6/6 


II 

2.2 

4/10 

3/4 


8.7 

2/6 


III 

1.8 

3/10 

1/4 

IV 

2.2 

5/10 

2/4 


8.7 

2/3 



33.8 

2/2 


V 

2.2 

7/11 

1/4 
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In one cat, exposure to Freon® 11 in a concentration of lr7% produced 
arrhythmia without infusion of epinephrine. In a similar experiment in which 
8.8% Freon® 12 was administered, spontaneous arrhytlimia appeared also. 

Two cats responded to this concentration of Freon® 12 in this way. These 
three experiments are the only ones in which arrhythmia has appeared without 
infusion of epinephrine, although much higher concentrations of some halocarbon 
compounds have been used [for example, 44% (v/v) of Freon® 116 (IV)]. A com- 
parison of Freons® 12 and 116 (IV) and Halon® 1301 (II) in concentrations of 
2.6% (v/v) in the inspired air disclosed that Freon® 12 sensitized more than II 
to the hypertensive and pulse-pressure elevating effects of infused epinephrine, 
but less to its chronotropic action. Freon® 12 sensitized less than IV to the 
hypertensive, pulse-pressure elevating, and chronotropic actions of the infusion 
of epinephrine. Freon® 12 under these conditions induced arrhythmia during 
infusion of epinephrine in 1/6 cats whereas the other two halocarbon compounds 
produced arrhythmia in 0/6 animals. 

In experiments in which discrete doses of epinephrine were injected intra- 
venously at various times after beginning exposure to 0. 87% (v/v) I, the maximum 
arrhythmia was found to occur at around 10 minutes of exposure to this most 
potent of the halocarbon compounds studied; thereafter, despite continued expo- 
sure to I, the response decreased. When the exposure to I was terminated, the 
enhanced responsiveness to epinephrine disappeared rapidly (table II, +5 min. = 

5 minutes after termination of the exposure at 15 minutes after its start). 


Table II 


RESPONSES TO I. V. DOSES OF EPINEPH.RINE AT VARIOUS TIMES (MINUTES) 
AFTER BEGINNING EXPOSURE TO 0.875^ (V/V) I 


DOSE OF EPINEPHRINE RESPONSE* 



0_ 

MIN. 5 

MIN. 

10 MIN 

. 14 MIN. +5 MIN. 

5 


4 

29 

31 

21 4 

10 


30 

42 

88 

28 21 

15 


73 

111 

153 

1 23 33 

* NUMBER OF ARRHYTHMIC 

HEART 

BEATS 

AFTER 

EPINEPHRINE. 


I 


i 


t 
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Because of the well-known interaction of anoxia and epinephrine in the 
genesis of arrhythmia (see, for example McNamara et al. , 1952), a series 
of animals was given a standard concentration of I (0. 87%) made up in air 
enriched by either nitrogen or oxygen. Sensitization to injected epinephrine 
was enhanced by low oxygen and decreased, but not abolished, by higli oxygen. 
Section of the vagi, vagal activity being known to enhance the effect of anoxia 
(McNamara et al. , 1952), also reduced, but did not remove entirely, the sen- 
sitizing action of I on the chronotropic effect of epinephrine (table III). 


Table III 


EFFECT OF VAGOTOMY ON THE NUMBER OF ARRHYTHMIC HEART BEATS INDUCED BY 
I.V. EPINEPHRINE AT VARIOUS TIMES DURING EXPOSURE TO 0,&7fo (v/V) I 


DOSE OP 
EPINEPHRINE 

5 )ig/lcg 
10 

15 



CONTROL 



VAGOTOMISED 


0 MIN. 

5 MIN. 

10 MIN. 

14 MIN. 

0 MIN. 

5 MIN. 

10 MIN. 

14 MIN. 

2 

1 1 

8 

0 

8 

11 

7 

2 

60 

28 

72 

0 

60 

17 

6 

5 

1 1 6 

116 

144 

104 

116 

21 

9 

7 


In attempting to identify the change in the heart elicited by exposure to a 
halocarbon compound, we have used Freon® 11 (I) as the most potent represent- 
ative of its general chemical type. Whether it is a typical representative remains 
to be seen, although we have some indication that it is not too different from the 
others in its qualitative actions. 

One obvious factor in sensitization of the heart to extraneous catecholamines 
is the intrinsic concentration of norepinephrine. To study the effect of exposure to 
halocarbon compounds on this possible variable, we exposed anesthetispd guinea 
pigs to I and IV by inhalation though a tracheal cannula during a period of 15 min- 
utes. At the end of that time, the animals were killed quickly by intravenous injec- 
tion of an overdose of Na pentobarbital; the hearts were excised rapidly and put 
immediately into previously cooled beakers held in an ice bucket. The hearts were 
homogenized in an all-glass homogenizer and analyzed for norepinephrine. Control 
animals were treated similarly except that they inhaled normal room air. The 
results are given in table IV, where each mean represents a group of 6 guinea pigs. 
Although the concentrations of the two halocarbon compounds used were both known 
from previous work to be capable of sensitizing the heart of the guinea pig to in- 
fused epinephrine, the hearts from the animals exposed to the halocarbon materials 
did not differ significantly in catecholamine concentration from those from the con- 
trol animals. 
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Table IV 

. Effect of Inhalation of Freon in Air on the 
Concentration (Ug/gm) of Norepinephrine within 
the Heart of the Guinea Pig 


Freon 

Concentration 

Control 

Experimental 

116 

5.0% 

2,29 + 1.04 

2.19 + 0.81 

11 

0.4% 

1.60 + 0.36 

1.89 4- 0.60 






To Study the possibility that dopamine contributes to the sensitization of 
the myocardium by halocarbon compounds, cats were given i.v. doses of 25 mg/ 
kg of MK-486 five minutes before the beginning of exposure to I. This treatment 
did not modify the response of the heart to infusion of epinephrine at the end of 
the 15-minute exposure. This result is in sharp contradistinction to those ob- 
tained with MK-486 in arrhythmia induced by the administration of DOPA (Mars 
andKrall, 1971). 

Another possible factor in the sensitizing action of the halocarbon compounds 
is alteration of the relation of the heart to potassium. We have determined that 
our standard 15- minute exposure to I (in a v/v concentration in air of 0. 4%) does 
not alter significantly the concentration of potassium within blood plasma (table V). 
We are in the process of determining the effect of this treatment on the concentra- 
tion of potassium within the heart muscle, but do not have final figures yet. 


Table V 

Effect of Inhalation of Freon® 11 in Air on the 
Concentration (meq/liter) of Potassium in 
Plasma of the Cat 


Control After Freon 


Mean 


4.1 

4. 1 

6.4 

4.8 

6.2 

4. 6 

4.2 

4.3 

3.7 

3.8 

6. 6 

5.2 

4.6 

4.0 

5.1± 1.2 

4.4 
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We have examined also the effect of i.v. injection of MgSO* (6 mlAg of 
3. 3%) on sensitization of the heart to epinephrine by I, with the result that this 
dose of MgSO* did not alter the sensitization. This finding suggests that the 
halocarbons, unlike digitalis glycosides (Langer and Serena, 1970; Seller, 1971), 
do not facilitate arrhythmogenic activity through shifting intracellular potassium 
into the plasma. If the analyses of heart muscle for potassium corroborate this 
tentative conclusion, we think that we will have good evidence that alteration of 
the permeability of the myocardial membrane to potassium is not a factor in 
sensitization of the heart to catecholamines by halocarbon compounds. 

We have just begun to study the possibility that the relationship of the 
myocardial membrane to calcium may be modified by exposure to a halocarbon 
compound. About all that I am in a position to say with fair certainty at present 
is that by infusing CaClg into cats at a rate of 5 mg/kg/min we have been able to 
obtain about as great sensitization of the heart to infused epinephrine as we can 
obtain by the standard exposure to 1. A different sort of experiment will be under- 
taken soon to attempt to determine more directly whether calcium is involved in 
sensitization by halocarbon compounds, possibly by enhancing release of catechol- 
amines from secretory granules (Greenberg and Kolen, 1966). 

In another connection, we have been interested in a compound that has both 
alpha- and beta-adrenergic blocking abilities, the beta- blocking activity being 
somewhat the greater, as well as an anticholesrerolemic action. This compound 
has been found to prevent the induction of arrythmia by infusion of epinephrine 
after exposure to halocarbon compounds. Both phenoxybenzamine and propranolol 
also have this ability. It is apparent, therefore, that both alpha- and teta-receptors 
may be involved in the sensitization of the heart by halocarbon compounds to the 
arrhythmogenic action of extraneous epinephrine. 

Moe et al. (1948) showed clearly the involvement of the peripheral alpha- 
receptors of the cardiovascular system in the induction of idioventricular rhythms 
by epinephrine administered during cyclopropane anesthesia. Kunkel et al. (1951) 
found that veratramine, which did not alter the pressor actions of epinephrine but 
did reduce its cardioaccelerator effect, was capable of preventing ventricular 
fibrillation induced by epinephrine in cats that had been exposed to vapors of benzene. 
It is possible, therefore, that effects on both inotropic and chronotropic properties 
of the myocradium may be involved in such phenomena as the sensitization by halo- 
carbon compounds that we are studying. Depression of myocardial contractility 
without significant beta-adrenergic blocking action actually is capable of mitigat- 
ing the arrhythmogenic action of daunomycin (Burka et al. , 1970). 
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THE EFFECTS OF FREON® 11 AND CERTAIN DRUGS ON 

ISOLATED AURICLES 

J. a Wills 
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Albany, New York 


Last year, I reported that 6 fluorinated halocarbon compounds that 
we had studied, Freons® 11, 12, 116, and C-318 and Halons® 1301 and 
2402, had been found to sensitize the myocardium to the arrhytlimogenic 
action of epinephrine. As an extension of that work, we undertook a study 
of the effect of Freon® 11, one of the most potent sensitizing compounds, 
on isolated atrial tissue. 


We used the auricles of the heart of the rat, which were suspended 
between the bendable member of a bonded strain-gauge transducer and a 
fixed point and immersed in a bAth of Locke's solution. This bath was 
aerated through a fritted glass disk with a gas mixture containing 95% O, 
and 5% CO, pumped by a diaphragm pump. The same pump was arranged 
to transfer the same mixture of gases containing a small amount of vaporized 
Freon® 11 from a spirometer through the organ bath. The set-up is rep- 
resented in Figure 1. 
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Last year, I reported that 6 fluorinated halocarbon compounds that 
we had studied, Freons® 11, 12, 116, and C-318 and Halons® 1301 and 
2402, had been found to sensitize the myocardium to the arrhythmogenic 
action of epinephrine. As an extension of that work, we undertook a study 
of the effect of Freon® 11, one of the most potent sensitizing compounds, 
on isolated atrial tissue. 


We used the auricles of the heart of the rat, which were suspended 
between the bendable member of a bonded strain-gauge transducer and a 
fixed point and immersed in a bAth of Locke’s solution. This bath was 
aerated through a fritted glass disk with a gas mixture containing 95% Og 
and 5% COg pumped by a diaphragm pump. The same pump was arranged 
to transfer the same mixture of gases containing a small amount of vaporized 
Freon® 11 from a spirometer through the organ bath. The set-up is rep- 
resented in Figure 1. 


Figure 1. 

Diagram of Apparatus 
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Figure 2 shows 
the beginning of an ex- 
posure of a pair of au- 
ricles to the gas mix- 
ture containing 1% W/y) 
of vaporized Freon® 11, 
It is obvious that there 
was no immediate effect 
After a period of expo- 
sure of the auricles to 
irhe gas mixture con- 
taining Freon® 11, 
there was a marked de- 
crease in their rate of 
repetitive contraction 
(Figure 3). This was 
followed fair ly promptly 
by complete cessation 
of contraction (Figure 4). 





Figure 2. Beginning Exposure of Auricles 
to Aerating Gas Containing Freon® 11. 


Upon replace- 
ment of the gas mixture 
containing Freon® 11 
by the uncontaminated 
gas, rhythmic contrac- 
tion by the auricles was 
resumed rapidly 
(Figure 5) and contin- 
ued for long periods of 
time thereafter. This 
recovery of normal 
rhythmic contraction 
indicates to us that the 
exposure to vaporized 
Freon® 11, even though 
it was pressed to the 
point of stopping the 
spontaneous contrac- 
tions of the auricles, 
did not injure the au- 
ricular muscles. 
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Figure 3 . Decrease in Rate of Beating of 
Auricles Exposed to Vaporized Freon® 11. 
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Figure 4. Cessation of 
Contraction of Auricles 
Exposed to Vaporized 
Freon® 11, 
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Figure 5. Resumption of 
Beating by Auricles after 
Aeration with Gas Contain- 
ing no Freon® 11. 
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Last year, we presented evidence that the sensitization of the heart to 
extrinsic catecholamines by inhalation of vapors of Freon® 11 was not re- 
lated to an increased concentration of norepinej)hrinc within the myocardium, 
to enhanced formation of either DOPA or I!)OPamine, or to altered perme- 
ability of the myocardial cells to K. Because of the well-known ability of 
calcium to link the excitatory and contractile processes in the myocardial 
muscle (Langer, 1968; Bailey and Dresel, 1968; Little and Sleator, 1 969; 
Sanborn and Langer, 1970; Saari and Johnson, 1971; Shine, Serena, and 
Langer, 1971), we decided to use the isolated auricles to study the effect of 
a low external concentration of calcium on the response of the heart to 
catecholamines as well as on spontaneous activity by the auricles. Wc found 
that lowering the concentration of calcium in the Locke's solution to 1/10 its 
usual value decreased the force of contraction of the auricles with only a 
slight, immediate effect to decrease their rate of beating, but eventually did 
stop the contractions; the auricles did not respond to addition of epineplirine 
to the fluid within the bath either while they continued to beat or after they 
became quiescent (Figure 6). Addition of CaClg to the fluid within the tissue 
bath restored both the force of contraction of the auricles (Figure 7) and 
their responsiveness to added catecholamines (Figure 8). The tlireshold 
concentration of calcium in the Locke's solution to render the auricles re- 
sponsive to epinephrine was found to be about 0. 225 of the usual concentra- 
tion (or about 2. 7 mg% instead of the standard 12 mg%). 


Figure 6. Decrease in 
force of contraction and 
eventual cessation of 
beating of auricles sus- 
pended in Locke's solu- 
tion containing only 
1/10 the usual concen- 
tration of Ca; lack of 
responsiveness of these 
auricles to epinephrine. 


10 




a = normal c = after epinephrine 

b = after 0, 2 normal Ca"^ d = later, second addi- 
tion of epinephrine 
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Figux'e 7. Restora- 
tion of contractile 
force by addition of 
CaGla to the bath. 
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Figure 8. Restoration of 
responsiveness to epine- 
phrine after addition of 
CaClg to the bath. 
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Because we were interested in providing to NASA, if possible, guid- 
ance on ways for preventing the sensitization of the heart by the fluorinated 
halocarbon compounds, we thought that Verapamil (or Iproveratril or Isoptin) 
might be of use. When we applied this drug, which is held by some to act by 
preventing the migration of calcium tlirough the excited membrane of the 
muscle fiber to the contractile elements, minimizing thereby the activauo)» 
of ca-dependent ATPase (Fleckenstein et al. , 1967; Fleckenstoin, 3 970), we 
found that its addition to the bath in a concentration of 0. 48 mg/100 ml had 
effects quite different from tliose of lowered external concentration of calciui n. 
Instead of decreasing the force of contraction, as did a low external concen- 
tration of calcium, Verapamil increased the force of contraction, but did 
slow the rate of beating somewhat (Figure 9. ) In this figure, the rate had 
been decreased by only about 1 %. With longer exposure to the drug, the rate 
fell further (to about 33% of its original value), but the force of contraction 
increased even more (Figure 10). 


F igure 9. Decrease in 
rate of beating and in- 
crease in force of con- 
traction of auricles by 
addition of Verapamil 
to the bath. 


Figure 10. Further 
slowing and increase 
in force of contraction 
of auricles by longer 
contact with 
Verapamil* 
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Another drug that we have studied with our isolation auricle prepara 
tion is Na capobenate. This drug had been found to prevent the induction by 
epinephrine of arrhythmias in anesthetized dogs, cats and guinea pigs that 
were breathing vapors of haiocarbon compounds. This compound, added to 
the bath after periods of exposure to Freon® and of recovery thereafter, 
induced an apparent increase in the strength of contraction of the auricular 
muscle (Figure 11). 
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Figure 11. Increase in strength of contraction of 
auricles by Na capobenate added to the bath after 
periods of exposure to Freon® 11 and of recovery 
therefrom. 


From this work, we derive the following conclusions: 

1. Vaporized Freon® 11 apparently has enough solubility 
in water to be able to affect the contractile properties 
of auricular muscle, decreasing the rate of beating 
after an initial heightening of tension development. 

2. Exposure to vaporized Freon® 11, although it may 
stop spontaneous beating of the auricles, seems not 
to damage the tissue, so that spontaneous beating 
will reappear when the Freon® has been washed 
out of the tissue. 
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3. A lowered external concentration of calcium and 
addition of Verapamil to the Locke's solution in 
which the auricles were suspended had quite dif- 
ferent effects on the beating of the auricles, so 
that we tend to be somewhat skeptical about the 
theory that Verapamil operates entirely through 
preventing the ingress of calcium to the cardiac 
muscle cell. 

4. A compound that has j3 -adrenergic blocking activity 
and also some a -adrenergic blocking activity, Na 
capobenate, seems to be able to improve tension 
development by auricular muscle after a period 

.. of exposure to vaporized Freon 11. 
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DISCUSSION 


DR. STOKINGER (National Institute of Occupational Safety and 
Health): VVhat’s the chemical nature of those drugs? Are they amines or 
what? 


DR. WILLS (Albany Medical College): Sodium capobenate is a fairly 
long chain fatty acid ester. Verapamil has an amine structure, but I can’t 
give you its constitution in detail now. I have it in my briefcase. 

DR. BACK (Aerospace Medical Research Laboratory): I looked it up. 
It’s a dimethoxy compound that would look like a steroid if it were bent 
around. It has 2 benzene rings on it with 2 methoxy groups on each ring. 

If you could bend it around, it would look like a veratrum alkaloid but it isn't. 
It's in the Merck Index. I never heard of the compound before, frankly. 1 
think it’s a German drug, but I don’t know whether it's ever been marketed. 
I’m really not familiar with it. 

MR. VERNOT (University of California, Irvine): Dr. Wills, was it 
your intention to use this preparation as an in vitro model of the heart to try 
to obtain some insight into the arrythmic potential of these freons in the in- 
tact animal? 

DR. WILLS: That's right. Unfortunately, however, we've not been 
able to demonstrate sensitization with this preparation. 

MR, VERNOT: You didn't show that epinephrine, itself, had any 
action on the system, did you? 

DR. WILLS: Yes, it does but we haven’t been able to show that 
freon increases its action. 
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action of epinephrine. As an extension of that work, we undertook a study 
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We used the auricles of the heart of the rat, which were suspended 
between the bendable member of a bonded strain-gauge transducer and a 
fixed pK)int and immersed in a bAth of Locke's solution. This bath was 
aerated through a fritted glass disk with a gas mixture containing 95% O, 
and 5% CO, pumped by a diaphragm pump. The same pump was arranged 
to transfer the same mixture of gases containing a small amount of vaporized 
Freon® 11 from a spirometer through the organ bath. The set-up is rep- 
resented in Figure 1. 


Figure 1. 

Diagram of Apparatus 
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Figure 2 shows 
tlic beginning of an ex- 
posure of a pair of au- 
ricles to the gas mix- 
ture containing 1%^/v) 
of vaporized Freon® 11. 
It is obvious tliat there 
was no immediate effect 
After a period of expo- 
sure of the auricles to 
the gas mixture con- 
taining Freon® 11, 
there was a marked de- 
crease in their rate of 
repetitive contraction 
(F igure 3). This was 
followed fairly promptly 
by complete cessation 
of contraction (Figure 4). 
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Figure 2. Beginning Exposure of Auricles 
to Aerating Gas Containing Freon® 11. 


Upon replace- 
ment of the gas mixture 
containing Freon® 11 
by the uncontaminated 
gas, rhythmic contrac- 
tion by the auricles was 
resumed rapidly 
(Figure 5) and contin- 
ued for long periods of 
time thereafter. This 
recovery of normal 
rhythmic contraction 
indicates to us that the 
exposure to vaporized 
Freon® 11, even though 
it was pressed to the 
point of stopping the 
spontaneous contrac- 
tions of the auricles, 
did not injure the au- 
ricular muscles. 
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Figur ’ /. Decrease in Rate of Beating of 
Auricles Exposed to Vaporized Freon® 11. 
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Figure 4. Cessation of 
Contraction of Auricles 
Exposed to Vaporized 
Freon® 11. 
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F igure 5. Resumption of 
Beating by Auricles after 
Aeration witl> Gas Contain 
ing no Freon® 11. 
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Last year, we presented evidence that the sensitization of the heart to 
extrinsic catecholamines by inlialation of vapors of Freon® 11 was not re- 
lated to an increased concentration of norepincpiirine within tlK 2 myocardium, 
to enhanced formation of either IX)1’A or I^Pamine, or to altered perme- 
ability of the myocardial cells to K. Because of the well-known ability of 
calcium to link the excitatory and contractile processes in the myocardial 
muscle (linger, 1968; Bailey and Dresel, 1968; Little and Sleator, 1969; 
Sanborn and linger, 1970; Saari and Johnson, 1971; Shine, Serena, and 
Langer, 1971), we decided to use the isolated auricles to study the effect of 
a low external concentration of calcium on tlte response of the heart to 
catecholamines as well as on spontaneous activity by the auricles. We found 
that lowering the concentration of calcium in the Locke’s solution to 1/10 its 
usual value decreased the force of contraction of tl»e auricles with only a 
slight, immediate effect to decrease their rate of beating, but eventually did 
stop the contractions; the auricles did not respond to addition of epineplu*ine 
to the fluid within the bath either while they continued to beat or after they 
became quiescent (Figure 6). Addition of CaCl, to the fluid within the tissue 
bath restored both the force of contraction of the auricles (Figure 7) and 
their responsiveness to added catecholamines (Figure 8). The threshold 
concentration of calcium in the Locke's solution to render the auricles re- 
sponsive to epinephrine was found to be about 0. 225 of the usual concentra- 
tion (or about 2. 7 mg% instead of the standard 12 mg%). 


Figure 6. Decrease in 
force of contraction and 
eventual cessation of 
beating of auricles sus- 
pended in Locke's solu- 
tion containing only 
1 /lO the usual concen- 
tration of Ca; lack of 
responsiveness of these 
auricles to epinephrine. 
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a = normal c = after epinephrine 

b = after 0. 2 normal Ca"^ d = later, second addi- 
tion of epinephrine 
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Figure 7. Restora- 
tion of contractile 
force by addition of 
CaCl, to the bath. 






Figure 8. Restoration of 
responsiveness to epine- 
phrine after addition of 
CaCl, to the bath. 
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Because we were interested in providing to NASA, if possible, guid- 
ance on ways for preventing the sensitization of the iieart by the fluorinated 
halocarbon compounds, we thougiu tliat Verapamil (or Iprovcratril or ls<Ji>tin) 
might be of use. When we applied this drug, which is held by some to act by 
preventing tiie migration of calcium tiu’ough the excited membrane ot liie 
muscle fiber to the contractile elements, minimizing thereby tlxf activation 
of ca-dependent ATPase (I'leckenstein et al. , 1967; b’leckenstcin, Jy70/, we 
found that its addition to the bath in a concentration of U. 48 mg/100 ml iiad 
effects quite different from those of lowered external concentration of calcium. 
Instead of decreasing the force of contraction, as did a low external concen- 
tration of calcium. Verapamil increased the force of contraction, but did 
slow the rate of beating somewhat (Figure 9. ) In this figure, the rate had 
been decreased by only about 1 %. With longer exposure to the drug, the rate 
fell further (to about 33% of its original value), but the force of contraction 
increased even more (Figure 10). 
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Figure 9. Decrease in 
rate of beating and in- 
crease in force of con- 
traction of auricles by 
addition of Verapamil 
to the bath. 
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Figure 10. Further 
slowing and increase 
in force of contraction 
of auricles by longer 
contact with 
Verapamil. 
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Another drug that we have studied with our isolation auricle prepara- 
tion is Na capobenate. This drug had been found to prevent the induction by 
epinephrine of arrhythmias in anesthetized dogs, cats and guinea pigs that 
were breathing vapors of haiocarbon compounds. This compound, added to 
the bath after periods of exp >3ure to Froon® and of recovery thereafter, 
induced an apparent increase in the strength of contraction of the auricular 
muscle (Figure 11). 
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normal 



Figure 11. Increase in strength of contraction of 
auricles by Na capobenate added to the bath after 
periods of exposure to Freon® 11 and of recovery 
therefrom. 


From this work, we derive the followng conclusions: 

1. Vaporized Freon® 11 apparently has enough solubility 
in water to be able to affect the contractile properties 
of auricular muscle, decreasing the rate of beating 
after an initial heightening of tension development. 

2. Exposure to vaporized Freon® 11, although it may 
stop spontaneous beating of the auricles, seems not 
to damage the tissue, so that spontaneous beating 
will reappear when the Freon® has been washed 
out of the tissue. 
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3. A lowered external concentration of calcium and 
addition of Verapamil to tlie Locke's solution in 
which the auricles were suspended had quite dif- 
ferent effects on the bearing of the auricles, so 
that we tend to be somewhat skeptical abf>ut the 
theory that Verapamil operates entirely through 
preventing the ingress of calcium to the cardiac 
muscle cell. 

4. A compound that has /3 -adrenergic blocking activity 
and also some a -adrenergic blocking activity, Na 
capobenate, seems to be able to improve tension 
development by auricular muscle after a period 

of exposure to vaporized Freon 11. 
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DISCUSSION 


DR. STOKINGER (National Institute of Occupational Safety and 
Health): What’s the chemical nature of those drugs? Are they amines or 
what? 


DR. WILLS (Albany Medical College); Sodium capobenate is a fairly 
long chain fatty acid ester. Verapamil has an amine structure, but I can't 
give you its constitution in detail now. I have it in my briefcase. 

DR. BACK (Aerospace Medical Research Laboratory): I looked it up. 
It's a dimethoxy compcxind that would look like a steroid if it were bent 
around. It has 2 benzene rings on it with 2 methoxy groups on each ring. 

If you could bend it around, it would look like a veratrum alkaloid but it isn’t. 
It's in the Merck Index. I never heard of the compound before, frankly. I 
think it's a German drug, but I don't know whether it's ever been marketed. 
I'm really not familiar with it. 

MR. VERNOT (University of California, Irvine); Dr. Wills, was it 
your intention to use this preparation as an in vitro model of the heart to try 
to obtain some insight into the arrythmic potential of these freons in the in- 
tact animal? 

DR. WILLS: That’s right. Unfortunately, however, we’ve not been 
able to demonstrate sensitization with this preparation. 

MR. VERNOT: You didn’t show that epinephrine, itself, had any 
action on the system, did you? 

DR. WILLS: Yes, it does but we haven’t been able to show that 
freon increases its action. 


